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@ Air conditioning apparatus. 

(57) An air conditioning apparatus comprising : 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4) ; 

a plurality of indoor units (B,C,D) includ- 
ing Indoor heat exchanges (5) and first flow 
controllers (9) ; 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C.D) ; 

a first branch joint (10) which can selec- 
tively connect one end of the indoor heat 
exchanger (5) of each indoor unit (B,C,D) to 
either one of the first main pipe (6) and the 
second main pipe (7) ; 

a second branch joint (II) which is connec- 
ted to the other end of the indoor heat 
exchanger (5) of each indoor unit (B,C,D) 
through the first flow controllers (9), and which 
connects the other end to the second main pipe 
(7) through a second flow controller (13) ; 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13) ; 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow 
controller (15) ; 

a junction device (E) which includes the 



first branch Joint (10), the second flow controller 
(13), the third flow controller (15) and the second 
branch joint (II). and which is interposed 
between the heat source device (A) and the 
indoor units (B,C,D) ; 

the first main pipe (6) having a greater 
diameter than the second main pipe (7) ; and 

a switching arrangement (40) which can 
be arranged between the flrst main pipe (6) and 
the second main pipe (7) in the heat source 
device (A) to switch the first main pipe (6) and 
the second main pipe (7) to a low pressure side 
and to a high pressure side, respectively, when 
the outdoor heat exchanger (3) works as a 
condenser or as an evaporator; characterized 
in that it comprises : 

a first timer (61) for changing the setting of 
the second flow controller (13) at a first cyde 
during operation of the compressor (I) ; 

a second timer for returning the setting of 
the second flow controller (13) to its initial set- 
ting at a second cycle longer than the first 
cycle ; and 

determination means (63) for changing the 
setting of the second flow controller (13) by a 
predetemiined value at a time based on outputs 
from the first timer (61). and for returning the 
setting of the second flow controller (13) to tiie 
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initial setting based on an output from the 
second timer (62). 
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The present invention relates to a multi-room heat 
pump type of air conditioning apparatus wherein a sin- 
gle heat source device is connected to a plurality of 
indoor units. More particularly, the present invention 
relates to an air conditioning apparatus wherein cool- 
ing and heating can be selectively canied outforeach 
indoor unit, or wherein cooling can be canied out in 
one or some indoor units, and simultaneously heating 
can be canied out in the other indoor unit(s). 

Now, prior art references will be explained. 
Referring now to Figure 47, there is shown a schemat- 
ic diagram of the entire structure of a conventional air 
conditioning apparatus which is depicted on the basis 
of the refrigerant system of the apparatus, and which 
has been disclosed in Japanese Unexamined Patent 
Publication No. 118372/1990. 

Referring to Figures 48-50, there are shown the 
operation states in cooling or heating in the conven- 
tional device shown in Figure 47. 

Figure 48 is a schematic diagram showing the op- 
eration states of the conventional device wherein solo 
cooling or solo heating is performed; Figure 49 and 50 
are schematic diagrams showing the operation states 
of cooling and heating concurrent operation; Figure 
49 is a schematic diagram showing the operation 
state of the conventional device wherein heating Is 
principally performed under cooling and heating con- 
current operation (heating load is greater than cooling 
load); and Figure 50 is a schematic diagram showing 
the operation state of the conventional device wherein 
cooling Is principally performed under cooling and 
heating concurrent operation (cooling load is greater 
than heating load). 

in these Figures, reference numeral A designates 
a heat source device. Reference numerals B, C and 
D designate indoor units which are connected in par- 
allel as described later on, and which have the same 
structure. Reference numeral E designates a junction 
device which includes a first branch joint, a second 
flow controller, and a second branch joint. 

Reference numeral I designates a compressor. 
Reference numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant In the heat source device. Reference numeral 3 
designates an outdoor heat exchanger. Reference 
numeral 4 designates an accumulator which is con- 
nected to the compressor I, the reversing valve 2 and - 
the outdoor heat exchanger 3 to constitute the heat 
source device A. Reference numeral 5 designates 
three indoor heat exchangers. Reference numeral 6 
designates a first main pipe which connects the four 
way reversing valve 2 of the heat source device A and 
the junction device E. 

Reference numerals 6b, 6c and 6d designate first 
branch pipes which connect the junction device E and 
the indoor heat exchangers 5 of the respective indoor 
units. B, C and D, and which correspond to the first 
main pipe 6. - 



Reference numeral 7 designates a second main pipe 
which connects the junction device E and the outdoor 
heat exchanger 3 of the heat source device A, Refer- 
ence numerals 7b, 7c and 7d designate second 
5 branch pipes which connect the junction device E and 
the indoor heat exchangers 5 of the respective indoor 
units B, C and D, and which conrespond to the second 
main pipe 7. 

Reference numeral 8 designates three way switching 

10 valves which can selectively connect the first branch 
pipes 6b, 6c and 6d to either the first main pipe 6 or 
the second main pipe 7. Reference numeral 9 desig- 
nates first flow controllers which are connected to the 
respective indoor heat exchangers 5 in close proxim- 

15 ity to the same, which are controlled based on degree 
superheat In cooling and degree of subcooling 
amounts on heating at refrigerant outlet sides of the 
respective indoor heat exchangers, and which are 
connected to the second branch pipes 7b, 7c and 7d, 

20 respectively. Reference numeral 10 designates the 
first branch joint which includes the three way switch- 
ing valves 8 which can selectively the first branch 
pipes 6b, 6c and 6d to either the first main pipe 6 or 
the second main pipe 7. Reference numeral II desig- 

25 nates the second branch joint which includes the sec- 
ond branch pipes 7b, 7c and 7d, and the second main 
pipe 7. 

Reference numeral 13 designates the second flow 
controller which is connected between the second 

30 main pipe 7 and the second branch joint II, and which 
can be selectively opened and dosed. 

The operation of the conventional device as con- 
structed above will be explained. 

Firstly, the case wherein only cooling is per- 

35 formed wQI be explained with reference to Figure 48. 

In this case, the flow of the refrigerant is indicated 
by arrows of solid line. The refrigerant gas which has 
discharged from the compressor I and been a gas 
having high temperature under high pressure passes 

40 through the four way reversing valve 2, and is heat ex- 
changed in the outdoor heat exchanger 3 to be con- 
densed and liquefied. Then, the liquefied refrigerant 
passes through the second main pipe 7 and the sec- 
ond flow controller 13 in that order. The refrigerant fur- 

45 ther passes through the second branch joint II and the 
second branch pipes 7b, 7c and 7d, and enters the In- 
door units B, C and D. The refrigerant which has en- 
tered the indoor units B. C and D is depressurized to 
low pressure by the first flow controllers 9. In the in- 

50 door heat exchangers 5, the refrigerant thus depres- 
surized carries out heat exchanging with indoor air to 
be evaporated and gasified, thereby cooling the 
rooms. The refrigerant so gasified passes through the 
first branch pipes 6b, 6c and 6d, the three way switch- 

55 ing valves 8, and the first branch joint 10. Then the re- 
frigerant is inspired into the 'compressor through the 
first main pipe 6. the four way reversing valve 2 in the 
heat source device, and the accumulator 4. In this 
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way, a circulation cyde is formed to carry out room 
cooNng. At this mode, the three way switching valves 
8 have first ports 8a closed, and second ports 8b and 
third ports 8c opened. 

Secondly, the case wherein only heating is per- s 
fomned will be described with reference Figure 48. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. The refrigerant which has been 
discharged from the compressor I and been a gas 
having high temperature under high pressure passes io 
through the four way reversing valve 2 and the first 
main pipe 6. Then the refrigerant passes through the 
first branch joint 10, the three way switching valves 8, 
and the first branch pipes 6b. 6c and 6d in that order. 
After that, the refrigerant enters the respective indoor is 
units B, C and D where the refrigerant carries out heat 
exchanging with indoor air. The refrigerant is con- 
densed to be liquefied due to such heat exchanging, 
thereby heating rooms. The refrigerant thus liquefied 
passes through the first flow controllers 9. Then the 20 
refirlgerant enters the second branch joint 11 through 
the second branch pipes 7b, 7c and 7d, and joins 
there. Then the joined refrigerant passes through the 
second flow controller 13. The refrigerant is depressu- 
rized by either the first flow controllers 9 or the second 25 
flow controller 13 to take a two phase state having low 
pressure. The refrigerant thus depressurized enters 
the outdoor heat exchanger 3 through the second 
main pipe 7 of the heat source device A, and canies 
out heat exchange to be evaporated and gasified. The 30 
refrigerant thus gasified is inspired into the compres- 
sor I through the four way reversing valve 2 of the heat 
source device, and the accumulator 4. In this way, a 
circulation cycle is fonmed to cany out room heating. 
In this mode, the switching valves 8 have the first to 35 
the third ports opened and closed like the solo cooling. 

Thirdly, the case wherein heating is principally 
perfonmed in cooling and heating concurrent opera- 
tion will be explained with reference to Figure 49. In 
Figure 49, arrows of dotted line indicate the flow of thie 40 
refrigerant. The refrigerant which has been dis- 
charged from the compressor! and been a gas having 
high temperature under high pressure is carried to the 
junction device E through the first main pipe 6. The re- 
frigerant passes through the first branch joint 10. the 45 
three way switching valves 8, and the first branch 
pipes^6b and 6c in that order, and enters the Indoor 
units B and C which are expected to cany out heating. 
In the indoor heat exchangers 5 of the respective in- 
door units B and C, the refrigerant carries out heat ex- so 
change with indoor air to be condensed and liquefied, 
thereby heating the rooms. The refrigerant thus con- 
densed and liquefied passes through the first fiow 
controllers 9 of the indoor units B and C, the first con- 
trollers 9 of the indoor units B and C being almost tlilly 55 
opened. The refrigerant is slightly depressurized by 
these first flow controllers 9, and flows into the second 
blanch joint 11. After that, a part of the refrigerant pass- 




086 A2 4 

es through the second branch pipe 7d of the Indoor 
unit D which is expected to carry out cooling, and en- 
ters the indoor unit D. The refrigerant flows into the 
first flow controller 9 of the indoor unit D. After the re- 
frigerant is depressurized by this first flow controller 9, 
it enters the Indoor heat 5, and carries out heat ex- 
change to be evaporated and gasified, thereby cool- 
ing the room. Then the refrigerant enters the second 
main pipe 7 through the three way switching valve 8 
which is connected to the indoor unit D. 

On the other hand, the other partof refrigerant en- 
ters in the second main pipe 7 through the second 
branch joint and the second flow controller 13. Then 
that part of the refrigerant joins with the part of the re- 
frigerant which has passed the indoor unit D which Is 
expected to carry out cooling. After that, the refriger- 
ant thus joined enters the outdoor exchanger 3 where 
the refrigerant cames out heat exchange to be evapo- 
rated and gasified. The refrigerant thus gasified is in- 
spired into the compressor I through the heat source 
device reversing valve 2 and the accumulator 4. In this 
way, a circulation cycle is fonned to carry out the room 
cooling and room heating concurrent operation 
wherein room heating is principally perforrr^ed. At that 
time, the three port switching valves 8 which are con- 
nected to the heating indoor units B and C have the 
first ports 8a dosed, and the second and third ports 
8b and 8c opened. The three port switching valve 8 
which is connected to the cooling indoor unit D has the 
second port 8b closed, and the first port 8a and the 
third port 8c opened. 

Fourthly, the case wherein cooling Is principally 
perfonned in cooling and heating concurrent opera- 
tion will be described with reference to Figure 50. 

In Figure 50, arrows of solid lines indicate the fiow 
of tharefrigerant. The refrigerant which has been dis- 
charged from the compressor I and been a gas having 
high temperature under high pressure carries out heat 
exchange at an arbitrary amount in the outdoor heat 
exchanger 3 to take a gas and liquid two phase state 
having high temperature under high pressure. Then 
the refrigerant is forwarded to the junction device E 
through the second main pipe 7. A part of the refrig- 
erant flows through the first branch joint ID, and the 
three way switching valve 8 and the first branch pipe 
6d which are connected to the Indoor unit D, in that or- 
der, the indoor unit D being expected to heat the room 
with the indoor unit D installed in it The refrigerant 
flows into the indoor unit D, and canries out heat ex- 
change with the air in the room with the indoor heat 
exchangers of the heating indoor unit D installed in it 
to be condensed and liquefied, thereby heating the 
room. In addition, the refrigerant passes through the 
first flow controller 9 connected to the heating indoor 
unit D, this first fiow controller 9 being almost fully 
opened. The refrigerant flows into the second branch 
joint II. On the other hand, the remaining part of the re- 
frigerant enters the second branch joint II through the 
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second flow controller 13. Then the refrigerant joins 
there with the part of the refrigerant which has passed 
through the heating indoor unit D. The refrigerant thus 
joined passes through the second branch joint II, and 
then the second branch pipes 7b and 7c, respectively, 
and enters the respective indoor units B and C. The 
refrigerant which has flowed into the indoor units B 
and C is depressurized to low pressure by the firstflow 
controllers 9 of the indoor units B and C. Then the re- 
frigerant flows into the indoor heat exchangers 5, and 
carries out heat exchange with the air in the rooms 
having these indoor units B and C to be evaporated 
and gasified, thereby cooling these rooms. In addi- 
tion, the refrigerant thus gasified passes through the 
first branch pipes 6b and 6c, the three way switching 
valves 8, and the first branch joint 10. Then the refirig- 
erant is inspired into compressor I through the first 
main pipe 6, the four way reversing valve 2 in the heat 
source device A, and the accumulator 4. In this way, 
a circulation cycle is fonmed to cany out the room cool- 
ing and room heating concurrent operation wherein 
room cooling Is principally performed. In this mode, 
the three way switching valves 8 which are connected 
to the indoor units B, C and D have the first to third 
ports 8a-8c opened and closed tike the room cooling 
and room heating concurrent operation wherein heat- 
ing is principally performed. 

Now, another prior art reference will be explained. 
Referring now to Figure 51, there is shown a schematic 
diagram of the entire structure of the second conven- 
tional air conditioning apparatus, which is depicted on 
the basis of the refrigerant system of the apparatus. 

Referring to Figures 52-54. there are shown the 
operation states in cooling or heating in the conven- 
tional device shown in Figure 51. 

Figure 52 is a schematic diagram showing the op- 
eration states of the conventional device wherein solo 
cooling or solo heating is performed; Figures 53 and 
54 are schematic diagrams showing the operation 
states of cooling and heating concurrent operation; 
Figure 53 is a schematic diagram showing the opera- 
tion state of the conventional device wherein heating 
is principally performed under cooling and heating 
concunrent operation (total heating. load is greater 
than total cooling load); and Figure 54 is a schematic 
diagram showing the operation state of the conven- 
tional device wherein cooling is principally perfonned 
under cooling and heating concunrent operation (total 
cooling load is greater than total heating load). 

Explanation of the second prior art will be made 
for the case wherein a single heat source device is 
connected to three or two indoor uTiits. The following 
explanation is also applicable to the case wherein a 
single source device is connected to more than three 
indoor units. 

' In Figure 51. reference numeral A designates a 
heat source device. Reference numerals B, C and D 
designate the indoor units which are connected in.par- 
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allel as described later on, and which have the same 
structure. Reference numeral E designates a junction 
device which includes a first branch joint, a second 
flow controller, a second branch joint, a gas-liquid 
5 separator, and first and second heat exchanging por- 
tions. Reference numeral 1 designates a compressor. 
Reference numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant in the heat source device. Reference numeral 3 

10 designatesanoutdoorheatexchangerwhich isinstal- 
led on the side of the heat source device. Reference 
numeral 4 designates an accumulator which is con- 
nected to the compressor I, the reversing valve 2 and 
the outdoor heat exchanger 3 to constitute the heat 

15 source device A. Reference numeral 5 designates 
three indoor heat exchangers in the indoor units B, C 
and D. Reference numeral 6 designates a first main 
pipe which has a large diameter and which connects 
the four way reversing valve 2 and the junction device 

20 E. Reference numerals 6b, 6c and 6d designate first 
branch pipes which connect the Junction device E and 
the indoor heat exchangers 5 of the respective indoor 
units B, C and D, and which conrespond to the first 
main pipe 6. Reference numeral 7 designates a sec- 

25 ond main pipe which has a smaller diameter than the 
first main pipe 6, and which connects the junction de- 
vice E and the outdoor heat exchanger 3 of the heat 
source device A. Reference numerals 7b, 7c and 7d 
designate second branch pipes which connect the 

30 junction device E and the indoor heat exchangers 5 of 
the respective indoor units B, C and D, and which cor- 
respond to the second main pipe 7. Reference numer- 
al 8 designates three way switching valves which can 
selectively connect the first branch pipes 6b. 6c and 

35 6d to either the first main pipe 6 or the second main 
pipe 7. Reference numeral 9 designates firstflow con- 
trollers which are connected to the respective indoor 
heat exchangers 5 in dose proximity to the same, 
which are controlled based on degree of superheat in 

40 cooling and degree of subcooling in heating at refrig- 
erant outlet sides of the respective indoor heat ex- 
changers, and which are connected to the second 
branch pipes 7b, 7c and 7d. respectively. Reference 
numeral 10 designates the first branch joint which in- 

45 eludes the three way switching valves 8 which can se- 
• lectively the first branch pipes 6b, 6c and 6d to either 
the first main pipe 6 or the second main pipe 7. Ref- 
erence numeral 11 designates the second branch joint 
which includes the second branch pipes 7b, 7c and 

50 7d, and a confluent portion thereof. Reference numer- 
al 12 designates the gas-liquid separator which is ar- 
ranged in the second main pipe 7, and which has a 
gaseous phase zone connected to first ports 8a of the 
respective switching valves 8 and a liquid phase zone 

55 connected to the second branch joint II. Reference nu- 
meral 13 designates the second flow controller which 
is connected between the gas-liquid separator 12 and 
the second branch joint II, and which can be selective- 

5 
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ly opened and closed. Reference numeral 14 designa- 
tes a bypass pipe which connects the second branch 
joint (I to the first main pipe 6. Reference numeral 15 
designates a third flow controller which is arranged in 
the bypass pipe 14. Reference numerals 18b, i6c and 
I6d designate third heat exchanging portions which 
are arranged in the bypass pipe 14 downstream of the 
third flow controller 15, and which canry out heat ex- 
change with the respective second branch pipes 7b, 
7c and 7d in the second branch joint II. Reference nu- 
meral 16a designates the second heat exchanging 
portion which is arranged in the bypass pipe 14 down- 
stream of the third flow controller 15 and the third heat 
exchanging portions 16b, 16c and I6d, and which car- 
ries out heat exchanging with the confluent portion 
where the second branch pipes 7b, 7c and 7d join in 
the second branch joint. Reference numeral 19 desig- 
nates the first heat exchanging portion which is ar- 
ranged in the bypass pipe 14 downstream of the third 
flow controller 15 and the second heat exchanging por- 
tion 16a, and which carries out heat exchanging with 
the pipe which connects between the gas-llquld sep- 
arator 12 and the second flow controller 13. Reference 
numeral 17 designates a fourth flow controller which is 
aranged In a pipe between the second branch joint II 
and the first main pipe 6, and which can be selectively 
opened and dosed. Reference numeral 32 designa- 
tes a third check valve which is arranged between the 
outdoor [heat exchanger 3 and the second main pipe 
7, and which allows the refrigerant only to flow from 
the outdoor heat exchanger 3 to the second main pipe 
7. Reference numeral 33 designates a fourth check 
valve which Is arranged between the four way revers- 
ing valve 2 of the heat source device A and the first 
main pipe 6, and which allows the refrigerant only to 
flow from the first main pipe 6 to the reversing valve 
2. Reference numeral 34 designates a fifth check 
valve which is arranged between the reversing valve 
2 and the second main pipe 7, and which allows the 
refrigerant only to flow from the reversing valve 2 to 
the second main pipe 7. Reference numeral 35 des- 
ignates a sixth check valve which is arranged be- 
tween the outdoor heat exchanger 3 and the first main 
pipe 6, and which allows the refrigerant only to flow 
from the first main pipe 6 to the outdoor heat exchang- 
er 3. The third to sixth check valves 32-35 constitute 
a switching Valve arrangement 40. 

Reference numeral 41 designates a liquid purging 
pipe which has one end connected to the gas-liquid 
separator 12 and the other end connected to the first 
main pipe 6. Reference numeral 42 designates a fifth 
flow controller which Is arranged in the liquid purging 
pipe 41 between the gas liquid separator 12 and the first 
main pipe 6. Reference numeral 43 designates a 
fourth heat exchanging portion which is arranged in 
the liquid purging pipe 41 downstream of the fifth flow 
controller 42, and which carries out heat exchange 
with the pipe connecting between the gas-llquld sep- 



arator 12 and the first branch joint 10. 

Reference numeral 23 designates a first temper- 
ature detector which is attached to the pipe connect- 
ing between the second flow controller 13 and the first 
5 heat exchanging portion 19. Reference numeral 25 
designates a first pressure detector which is attached 
to the same pipe as the first temperature detector 23. 
Reference numeral 26 designates a second pressure 
detector which is attached to the second branch joint 
10 II. Reference numeral 52 designates a third pressure 
detector which is attached to the pipe connecting be- 
tween the first main pipe 6 and the first branch joint 
10. Reference numeral 51 designates a second tem- 
perature detector which is attached to the liquid purg- 
15 ing pipe 41 at a refrigerant outiet of the fourth heat ex- 
changing portion 43. Reference numeral 53 designa- 
tes a third temperature detector which is attached to 
the bypass pipe 14 at a refrigerant outiet of the first 
heat exchanging portion 19. 
20 The operation of the second prior art as construct- 
ed above will be explained. 

Firstly, the case wherein only room cooling is per- 
formed will be explained with reference to Figure 52. 
In this case, the flow of the refrigerant is indicated 
25 by arrows of solid line. The refrigerant gas which has 
discharged from the compressor I and been a gas 
having high temperature under high pressure passes 
through the four way reversing valve 2, and is heat ex- 
changed and condensed in the outdoor heat exchang- 
30 er 3. Then, the refrigerant passes through the third 
check valve 32, the second main pipe 7, the separator 
12 and the second flow controller 13 in that order. The 
refrigerant further passes through the second branch 
joint II and the second branch pipes 7b, 7c and 7d, and 
35 enters the indoor units B, C and D. The refrigerant 
which, has entered the indoor units B, C and D is de- 
pressurized to low pressure by the first flow control- 
lers 9 which are controlled based on degree of super- 
heat at the outlet refrigerants of the respective indoor 
40 heat exchanger 5. In the indoor heat exchangers 5, 
the refrigerant thus depressurized carries out heat ex- 
changing with indoor air to be evaporated and gasi- 
fied, thereby cooling the rooms. The refrigerant so ga- 
sified passes through the first branch pipes 6b, 6c and 
45 6d, the three way switching valves 8, and the first 
branch joint 10. Then the refrigerant is inspired into the 
compressor I through the first main pipe 6, the fourth 
check valve 33, the four way reversing valve 2, and 
the accumulator 4. In this way, a circulation cycle is 
50 formed to cany out cooling. At this mode, the three 
way switching valves 8 have the first ports 8a closed, 
and second ports 8b and third ports 8c opened. At the 
time, the first main pipe 6 is at low pressure in it, and 
the second main pipe 7 is at high pressure in it, which 
55 necessarily make the third check valve 32 and the 
fourth check valve 33 to conduct for the refrigerant In 
addition, in this mode, the refrigerant, which has 
passed through the second flow controller 13, partly 

6 
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enters the bypass pipe 14 where the entered part of the 
refrigerant is depressurized to low pressure by the 
third flow controller 15. The refrigerant thus depressu- 
rized carries out heat exchanging with the second 
branch pipes 7b, 7c and 7d at the third heat exchang- 5 
Ing portions 16b 16c and I6d of the indoor units, with the 
confluent portion of the second branch pipes 7b, 7c 
and 7d at the second heat exchanging portion 16a in 
the second branch joint II, and at the first heat ex- 
changing portion 19 with the refrigerant which enters io 
the second flow controller 13. The refrigerant Is evapo- 
rated due to such heat exchanging, and enters the 
first main pipe 6. Then the refrigerant is inspired into 
the compressor I through the fourth check valve 33, 
the first four way reversing valve 2 and the accumu- is 
lator 4. On the other hand, the refrigerant, which has 
heat exchanged at the first heat exchanging portion 
19, at the second heat exchanging portion 16a and at 
the third heat exchanging portions 16b, 16c and I6d, 
and has been cooled so as to get sufficient degree of 20 
subcooling, enters the indoor units B, C and D which 
are expected to canry out room cooling. 

When the amount of the refrigerant which is 
sealed in the air conditioning apparatus Is not enough 
to fill the second main pipe in cooling with a liquid re- 25 
frlgerant having high pressure, the refrigerant which 
has been condensed In the outdoor heat exchanger 
3 and has a two phase state under high pressure 
passes through the second main pipe 7 and the gas- 
liquid separator 12. Then the two phase refrigerant car- 30 
ries out heat exchange, at the first heat exchanging 
portion 19, at the second heat exchanging portion 16a, 
and at the third heat exchanging portions 16b, 16c and 
I6d, with the refrigerant which has been depressu- 
rized to low pressure by the third flow controller 15 and 35 
flows through the bypass pipe. The refrigerant which 
has liquefied and cooled due to such heat exchange 
to obtain sufficient degree of subcooling, and flows 
into the indoor units B, C and D which are expected 
to carry out cooling! 40 

Secondly, the case wherein only heating is per- 
formed will be described with reference Figure 52. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. The refrigerant which has been 
discharged from the compressor I and been a gas 45 
having high temperature under high pressure passes 
through the four way reversing valve 2, the fifth check 
valve 34, the second main pipe 7, and the gas-liquid - 
separator 12. Then the refrigerant passes through the 
first branch joint 10, the three way switching valves 8, so 
and the first branch pipes 6b, 6c and 6d. After that, the 
refrigerant enters the respective indoor units B, C and 
D where the refrigerant carries out heat exchanging 
with Indoor air. The refrigerant Is condensed to be liq- 
uefied due to such heat exchanging, thereby heating 55 
the rooms. The refrigerant thus liquefied passes 
through the first flow controllers 9 which are controlled 
based on degree of subcooling at the refrigerant out- 



lets of the respective indoor heat exchangers 5. Then 
the refrigerant enters the second branch joint II 
through the second branch pipes 7b, 7c and 7d, and 
joins there. Then the joined refrigerant passes 
through the fourth flow controller 17. The refrigerant is 
depressurized by either the first flow controllers 9 or 
the fourth flow controller 17 to take a two phase state 
having low pressure. The refrigerant thus depressu- 
rized enters the outdoor heat exchanger 3 through the 
first main pipe 6 and the sixth check valve 35 of the 
heat source device A, and carries out heat exchang- 
ing to be evaporated and gasified. The refrigerant 
thus gasified is inspired into the compressor I through 
the four way reversing valve 2, and the accumulator 
4. In this way, a circulation cycle is fonmed to canry out 
room heating. In this mode, the switching valves 8 
have the second ports 8b closed, and the first and the 
third ports 8a and 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 
valve 34 and the sbcth check valve 35 to conduct for 
the refrigerant. 

Thirdly, the case wherein heating is principally 
performed in cooling and heating concurrent opera- 
tion will be explained with reference to Figure 53. Ex- 
planation will be made for the case wherein the indoor 
units B and C are expected to canry out heating, and 
the indoor unit D is expecting to cany out cooling. In 
Figure 53, arrows of dotted line indicate the flow of the 
refrigerant. 

The refrigerant which has been discharged from 
the compressor I, and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, and then reaches the junction 
device E through the fifth check valve 34 and the sec- 
ond main pipe 7. The refrigerant flows through the 
gas-liquid separator 12. In addition, the refrigerant 
passes through the first branch joint 10, the three way 
switching valves 8 connected to the indoor units 8 and 
C, and the first branch pipes 6b and 6c in that order, 
and enters the indoor units B and C which are expect- 
ed to canry out heating. In the indoor heat exchangers 
5 of the respective indoor units B and C, the refriger- 
ant carries out heat exchange with indoor air to be 
condensed and liquefied, thereby heating the rooms. 
The refrigerant thus liquefied passes through the first 
flow controllers 9 of the indoor units B and C. the first 
controllers 9 of the indoor units B and C being almost 
fully opened under the control based on degree of 
subcooling at the refrigerant outlets of the con-e- 
sponding indoor heat exchangers 5. The refrigerant Is 
slightly depressurized by these first flow controllers 9 
to have a pressure (medium pressure) between the 
high pressure and the low pressure, and flows into the 
second branch joint II through the second branch 
pipes 7b and 7c. After that, a part of the refrigerant 
passes through the second branch pipe .7d of the in- 



BNSOCCID; <EP 051408eAaj_> 



11 



EP 0 514 086 A2 



12 



door unit D which is expected to carry out cooling, and 
enters the indoor unit D. The refrigerant flows into the 
first flow controller 9 of the indoor unit D, the first flow 
controller 9 being controlled based on degree of su- 
perheat at the refrigerant outlet of the corresponding s 
Indoor heat exchanger 5. After the refrigerant is de- 
pressurized by this first flow controller 9, it enters the 
indoor heat exchanger 5, and caries out heat ex- 
change to be evaporated and gasified, thereby cool- 
ing the room. Then the refrigerant enters the first main io 
pipe 6 through the three way switching valve 8 which 
Is connected to the indoor unit D. 

On the other hand, another part of refrigerant 
passes through the fourth flow controller 17 which Is 
selectively opened and closed, and which is control- is 
led in such a way to make constant the difference be- 
tween the high pressure in the second main pipe 7 
and the medium pressure in the second branch joint 
II. Then the refrigerant joins with the refrigerant which 
has passed the indoor unit D which is expected to car- 20 
ry out cooling. After that, the refrigerant thus joined 
passes through the first main pipe 6 having such a 
larger diameter, and the sixth check valve 35, and en- 
ters the outdoor exchanger 3 where the refrigerant 
carries out heat exchange to be evaporated and ga- 25 
sified. The refrigerant thus gasified is inspired into the 
compressor I through the reversing valve 2 and the ac- 
cumulator 4. In this way, a circulation cycle is fomned 
to cany out the cooling and heating concurrent oper- 
ation wherein heating is principally performed. At this 30 
time, the difference between the evaporation pres- 
sure in the indoor heat exchanger 5 of the cooling in- 
door unit D and that of the outdoor heat exchanger 3 
lessens because of switching to the first main pipe 6 
having such a greater diameter. At that time, the three 3S 
port switching valves 8 which are connected to the 
heating Indoor units B and C have the second ports 
8b closed, and the first and third ports 8a and 8c 
opened. The three port switching valve 8 which Is con- 
nected to the cooling indoor unit D has the second port 40 
8a closed, and the first port 8b and the third port 8c 
opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 45 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant At this circulation cyde, the remaining 
part of the liquefied refrigerant goes into the bypass 
pipe 14 from the confluent portion where the second 
branch pipes 7b, 7c and 7d join together. The refrig- so 
erant which has gone into the bypass pipe 14 is de- 
pressurized to low pressure by the third flow controller 
15. The refrigerant thus depressurized carries out heat 
exchange with the refrigerant in the confluent portion 
of the second branch pipes 7b, 7c and 7d in the sec- 55 
ond branch joint II at the second heat exchanging por- 
tion 16a, and at the first heat exchanging portion 19 with 
the refrigerant which flows into the second flow con- 



troller 13. The refrigerant is evaporated by such heat 
exchange, and enters the first main pipe 6. After that, 
the refrigerant flows into the sixth check valve 35 and 
then into the outdoor heat exchanger 3 where it per- 
forms heat exchange to be evaporated and gasified. 
The refrigerant is inspired into the compressor I 
through the four way reversing valve 2 and the accu- 
mulator 4. On the other hand, the refrigerant in the 
second branch joint II which has carried out heat ex- 
change and cooled at the first heat exchanging por- 
tion 19. at the second heat exchanging portion 16a, and 
at the third heat exchanging portions 16b, 16c and I6d 
to obtain sufflcient degree of subcooling flows into the 
indoor unit D which is expected to cool the room. 

Fourthly, the case wherein cooling is principally 
perfonned in cooling and heating concurrent opera- 
tion wilt be described with reference to Figure 54. 

Explanation will be made for the case wherein the 
Indoor units B and C are expected to carry out cooling, 
and the Indoor unit D Is expected to carry out heating. 

In Figure 54, arrows of solid lines indicate theflow 
of the refrigerant. The refrigerant which has been dis- 
charged from the compressor I and been a gas having 
high temperature under high pressure carries out heat 
exchange at an arbitrary amount in the outdoor heat 
exchanger 3 to take a two phase state having high 
temperature under high pressure. Then the refriger- 
ant passes through the third check valve 32 and the 
second main pipe 7, and is fonvarded to the gas-liquid 
separator 12 In the junction device E. The refrigerant 
is separated into a gaseous refrigerant and a liquid re- 
frigerant there, and the gaseous refrigerant thus 
separated flows through the first branch joint 10, and 
the three way switching valve 8 and the first branch 
pipe 6d which are connected to the indoor unit D, In 
that order, the indoor unit D being expected to heat the 
room. The refrigerant flows into the indoor unit D, and 
canies out heat exchange with indoor air to be con- 
densed and liquefied, thereby heating the room. In ad- 
dition, the refrigerant passes through the first flow 
controller 9 connected to the heating indoor unit D, 
this first flow controller 9 being almost fully opened un- 
der control based on degree of subcooling at the re- 
frigerant outlet of the indoor heat exchanger 5 of the 
heating indoor unit D. The refrigerant Is slightly de- 
pressurized by this first flow controller 9 to have a 
pressure (medium pressure) between the high pres- 
sure and the low pressure, and flows into the second 
branch joint il. On the other hand, the remaining liquid 
refrigerant enters the second branch joint II through 
the second flow controller 13 which is controlled in 
such a way to make constant the difference between 
the high pressure and the medium pressure. Then the 
refrigerant joins there with the refrigerant which has 
passed through the heating indoor unit D. The refrig- 
erant thus joined passes through the second branch 
joint II, and then the second branch pipes 7b and 7c, 
respectively, and enters the respective indoor units B 
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and C. The refrigerant which has flowed Into the in- 
door units B and C Is depressurized to low pressure 
by the first flow controllers 9 of the Indoor units B and 
C, these first flow controllers 9 being controlled based 
on degree of superheat at the refrigerant outlets of the 5 
corresponding indoor heat exchangers 5. Then the re- 
frigerant flows into the indoor heat exchangers 5, and 
carries out heat exchange with indoor air to be evapo- 
rated and gasified, thereby cooling these rooms. In 
addition, the refrigerant thus gasified passes through io 
the first branch pipes 6b and 6c, the three way switch- 
ing valves 8 connected to the indoor units B and 
and the first branch joint 10. Then the refrigerant is in- 
spired into compressor I through the first main pipe 6, 
the fourth check valve 33, the four way reversing valve is 
2, and the accumulator 4. In this way, a circulation cy- 
cle is formed to carry out the cooling and heating con- 
current operation wherein cooling Is principally per- 
fonmed. In this mode, the three way switching valves 
8 which are connected to the Indoor units B and C 20 
have the first ports 8a closed, and the second and 
third ports 8b and 8c opened. The three way switching 
valve 8 which is connected to the Indoor unit D has the 
second port 8b closed, and the first and third ports 8a 
and 8c opened. 25 

At that time, the first main pipe 6 is at low pressure 
in it, and the second main pipe 7 Is a high pressure in 
it, which necessarily causes the third check valve 32 
and the fourth check valve 33 to conduct for the refrig- 
erant. 30 

In this circulation cyde, the liquid refrigerant part- 
ly enters the bypass pipe 14 from the confluent portion 
where the second branch pipes 7b, 7c and 7d join to- 
gether. The liquid refrigerant which has entered Into 
the bypass pipe 14 is depressurized to low pressure by 3S 
the third flow controller 15. The refrigerant thus de- 
pressurized carries out heat exchange at the second 
heat exchanging portion 16a with the refrigerant in the 
confluent portion of the second branch pipes 7b, 7c 
and 7d In the second branch joint II, and at the first 40 
heat exchanging portion 19 with the refrigerant which 
flows into the second flow controller 13. The refrigerant 
is evaporated by such heat exchange, and enters the 
first main pipe 6. The refrigerant which has entered 
the first main pipe 6 is inspired into the compressor I 45 
through the fourth check valve 33, the four way re- 
versing valve 2, and the accumulator 4. 

On the other hand, the refrigerant in the second 
branch joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, at so 
the second heat exchanging portion t6a, and at the 
third heat exchanging portions 16b, 16c and I6d to ob- 
tain sufTicient degree of subcooling flows Into the in- 
door units B and C which are expected to carry out 
room cooling. \ ss 

When the liquid level at which the gaseous refrig- 
erant and the liquid refrigerant separated in the gas 
liquid separator 12 are divided Is below the liquid purg- 



ing pipe 41 of the gas-liquid separator 12, the gaseous 
refrigerant enters the liquid purging pipe 41, and is de- 
pressurized to low pressure by the fifth flow controller 

42. The amount of the refrigerant which is flowing 
through the fifth flow controller 42 is small because 
the refrigerant at the Inlet of the fifth flow controller 42 
is in the form of gas. As a result, the refrigerant which 
is flowing through the liquid purging pipe 41 carries out 
heat exchange, at the fourth heat exchanging portion 

43, with the gaseous refrigerant which goes from the 
gas-liquid separator 12 to the first branch joint 10 and 
has high pressure. The refrigerant in the liquid purging 
pipe 41 becomes a superheated gas having low pres- 
sure due to such heat exchange, and enters the first 
main pipe 6. 

Conversely, when the liquid level at which the 
gaseous refrigerant and the liquid refrigerant separat- 
ed in the gas-liquid separator 12 are divided is above 
the liquid purging pipe 41 of the gas liquid separator 12, 
the liquid refrigerant enters the liquid purging pipe 41, 
and is depressurized to low pressure by the fifth flow 
controller 42. Because the refrigerant at the inlet of 
the fifth flow controller 42 is in the fonm of liquid, the 
amount of the refrigerant which is flowing through the 
fifth flow controller 42 is greater in comparison with 
the case wherein the refrigerant at the fifth flow con- 
troller 42 is in the fonm of gas. As a result, even when 
the refrigerant which is flowing through the liquid purg- 
ing pipe 41 carries out heat exchanger, at the fourth 
heat exchanging portion 43, with the gaseous refrig- 
erant which goes from the gas liquid separator 12 into 
the first branch joint 10 and has high pressure, the re- 
frigerant in the liquid purging pipe 41 enters the first 
main pipe 6 in the form of two phase state without be- 
coming a superheated gas having low pressure. The 
conventional air conditioning apparatuses involve the 
following problems: 

The compressor could be seized by a lubricat- 
ing oil which has been discharged with the refrigerant 
from the compressor and stayed in the junction de- 
vice. 

Because the conventional two pipe type air con- 
ditioning apparatuses capable of carrying out cooling 
and heating concunrent operation are constructed as 
stated eariier. switching the reversing valve reverses 
the flow of the refrigerant in the first and second main 
pipe and the junction device. As a result whenever 
the reversing valve is switched, the operating states 
are rapidly changed, requiring some time to stabilize 
the system. 

In addition, the second main pipe has much pres- 
sure loss in the cooling and heating concunrent oper- 
ation wherein heating is principally performed, creat- 
ing a problem in that a cooling Indoor unit is short of 
capacity. . . < , 

Because the conventional apparatuses do not 
have a ventilating function as one of air conditioning 
functions, a ventilating device is required. In addition. 
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the conventional apparatuses involve a problem in 
that it can not cope with load which Is occurred by in- 
troducing outdoor air. 

In the case of the conventional air conditioning 
apparatuses, when the number of cooling indoorunlts 5 
increases in cooling, the suction pressure of the conv 
pressor is raised to transitionally increase the dis- 
charge pressure of the compressor, creating a prob- 
lem In that the compressor deteriorates its reliability 
due to an increase in the discharge pressure. io 

In addition, when the number of heating indoor 
units decreases in heating, the discharge pressure of 
the compressor I is transitionally raised to create a 
problem in that the compressor deteriorates its reli- 
ability due to an increase in the discharge pressure. 15 

Further, when the number of cooling indoor units 
increases in cooling, the suction pressure of the com- 
pressor is raised to transitionally increase the dis- 
charge pressure of the compressor, and a discharge 
temperature is caused to rise, creating a problem in 20 
that the compressor deteriorates its reliability due to 
an excessive increase in the discharge temperature. 

Furthennore, when the number of heating indoor 
units decreases in heating, the discharge pressure of 
the compressor is transitionally raised to increase the 25 
discharge temperature, creating a problem in that the 
compressor deteriorates its reliability due to an exces- 
sive raise in the discharge temperature. 

It is an object of the present invention to provide 
an air conditioning apparatus capable of returning to 30 
a compressor a lubricating oil (hereinbelow, referred 
to as oil recovery) which has been discharged with a 
refrigerant from the compressor and stayed in a junc- 
tion device. 

It is another object of the present invention to pro- 35 
vide an air conditioning apparatus capable of cooling 
and heating concurrent operation in such a manner 
that even when a four port reversing valve is switched, 
a refrigerant can flow one way in a first and second 
main pipes and a junction device, improving stability 40 
in the system. 

It is still another object of the present invention to 
provide an air conditioning apparatus capable of con- 
stantly using on a lower pressure side a first main pipe 
greater than a second main pipe to decrease pressure 45 
loss in low pressure, preventing the capacity of a cool- 
ing indoor unit from lowering. 

It is a further object of the present invention to pro- 
vide an air conditioning apparatus capable of operat- 
ing without stopping, by expanding a bypass conduit 50 
in a junction device when a high pressure is transition- 
ally raised due to a change in the number of operating 
indoor units during the operetion of a compressor. 

It is a still further object of the present invention 
to provide an air conditioning apparatus capable of 55 
operating without stopping, by expanding a bypass 
conduit in a junction device when a high pressure is 
transitionally raised due to a change in the number of 



operating indoor units in only cooling. 

It is another object of the present invention to pro- 
vide an air conditioning apparatus capable of operat- 
ing without stopping, by expanding a bypass conduit 
in a junction device when a high pressure is transition- 
ally raised due to a change in the number of operating 
indoor units in only heating or in cooling and heating 
concurrent operation wherein heating is principally 
performed. 

A further object of the present invention is to pro- 
vide an air conditioning apparatus wherein cooling 
and heating can be selectively carried out for each in- 
door unit, or wherein cooling can be carried out in one 
or some indoor units, and simultaneously heating can 
be earned out in the other indoor unit(s), and which 
can have a ventilating function, and cope with load 
caused by ventilation in accordance with the opera- 
tion states of driving indoor units. 

A stm further object of the present invention is to 
provide an air conditioning apparatus capable of pre- . 
venting the discharge pressure of a compressor from 
raising to realize a stable operation even when the 
number of cooling or heating indoor units changes. 

A still further object of the present invention is to 
provide an air conditioning apparatus capable of pre- 
venting the discharge temperature of a compressor 
from excessively raising to realize a stable operation 
even when the number of cooling or heating indoor 
units changes. 

The present invention provides an air condition- 
ing apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
er and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch joint which is connected to the 
other end of the indoor heat exchanger of each indoor 
unit through the firet flow controllere. and which con- 
nects the other end to the second nnain pipe through 
a second flow controller; 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a third flow controller; 

a junction device which includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which is 
interposed between the heat source device and the 
indoor units; 
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the first main pipe having a greater diameter 
than the second main pipe; 

a switching an-angement which can be ar- 
ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first s 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively, when 
the outdoor heat exchanger works as a condenser or 
as an evaporator; 

a first timer for changing the setting of the sec- io 
ond flow controller at a first cyde during operation of 
the compressor; 

a second timer for returning the setting of the 
second flow controller to its initial setting at a second . 
cycle longer than the first cycle; and is 

determination means for changing the setting 
of the second flow controller by a predetenmined value 
at a time based on outputs from the first timer, and for 
returning the setting of the second flow controller to 
the initial setting based on an output from the second 20 
timer. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchanger 25 
and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the so 
indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 35 

a second branch joint which is connected to the 
other end of the indoor heat exchanger of each indoor 
unit through the first flow controllers, and which con- 
nects the other end to the second main pipe through 
a second flow controller, 40 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a third flow controller; 45 

a junction device which includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which is in- 
terposed between the heat source device and the in- 
door unite; 50 

the first main pipe having a greater diameter 
than the second main pipe; and 

a switching arrangement which can be ar- 
ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 55 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively, when 
the outdoor heat exchanger works as a condenser or 



as an evaporator; 

wherein a predetermined minimum value is set 
with respect to the setting of the second flow controller 
during operation of the compressor. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
er and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; > 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
Indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each In- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch joint which is connected to the 
other end of the indoor heat exchanger of each Indoor 
unit through the first flow controllers, and which con- 
nects the other end to the second main pipe through 
a second flow controller; 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a third flow controller; 

a junction device which Includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which is 
interposed between the heat source device and the 
indoor units; 

the first main pipe having a greater diameter 
than the second main pipe; and 

a switching arrangement which can be ar- 
ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a tow pressure 
side and to a high pressure side, respectively, when 
the outdoor heat exchanger works as a condenser or 
as an evaporator; 

wherein a capillary is arranged in parallel with 
the second flow controller. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
er and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor unite; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 
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a second branch joint which is connected to the 
other end of the indoor heat exchanger of each indoor 
unit through the first flow controllers, and which con- 
nects the other end to the second main pipe through 
a second flow controller; 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a third flow controller, 

a junction device which Includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which is in- 
terposed between the heat source device and the in- 
door units; 

the first main pipe having a greater diameter 
than the second main pipe; and 

a switching arrangement which can be ar- 
, ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively; 

a first pressure detector a nd a second pressure 
detector arranged at a refrigerant inlet side and a re- 
frigerant outlet side of the second flow controller, re- 
spectively; and 

detenntnation means for selectively increasing 
the setting of one of the second flow controller and the 
third flow controller, depending on a differential pres- 
sure applied ^to the second flow controller, in such a 
manner that the.valLie detected by the first and second 
pressure detectors are used as inputs when a high 
pressure is transitionally raised during operation of 
the compressor. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchanger 
and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch joint which is connected to the 
other end of the indoor heat exchanger of each indoor, 
unit through the first flow controllers, and which con- 
nects the other end to the second main pipe through 
a second flow controller; 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; ' 

the second branch joint connected to the first 
main pipe through a third flow controller; 
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a junction device which includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which Is 
interposed between the heat source device and the 
indoor units; 

the first main pipe having a greater diameter 
than the second main pipe; and 

a switching arrangement which can be ar- 
ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively; and 

determination means for increasing the setting 
of the third flow controller when high pressure is tran- 
sitionally raised in only cooling. 

The present Invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
er and an accumulator; 

a plurality of indoor units Including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor units; 

a first branch Joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch joint which is connected to the 
other end of the indoor heat exchanger of each indoor 
unit through the first flow controllers, and which con- 
nects the other end to the second main pipe through 
a second flow controller; 

the first branch joint and the second branch 
joint connected together through the second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a third flow controller; 

a junction device which includes the first 
branch joint, the second flow controller, the third flow 
controller and the second branch joint, and which is 
interposed between the heat source device and the 
indoor units; 

the first main pipe having a greater diameter 
than the second main pipe; and 

a swtching arrangement which can be ar- 
ranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively; and 

determination means for increasing the setting 
of the second flow controller when high pressure is 
transitionally raised in only heating or cooling and 
heating concurrent operation with heating principally 
performed. 

The present invention also provides an air condi- 
tioning apparatus comprising: 
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a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchanger 
and an accumulator; 

a plurality of Indoor units including Indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
Indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch joint which connects the other 
end of the indoor heat exchanger of each indoor unit 
to the second main pipe through the first flow control- 
lers; 

the first branch joint and the second branch 
joint connected together through a second flow con- 
troller; and 

the indoor units constituted by a first indoor unit 
and second indoor units, the first indoor units having 
a fan for Introducing outdoor air, and carrying out heat 
exchange with outdoor air introduced by the fan, the 
second indoor units having fans for circulating indoor 
air, and carrying out heat exchange with the air circu- 
lated by the fans; 

wherein when at least one of the second indoor 
units carries out heating, the first indoor unit carries 
out heating. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing vaiye, an outdoor heat exchanger 
and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor units; - 

a first branch joint which includes a switching 
arrangement for selectively connect one end of the In- 
door heat exchanger of each indoor unit to either one 
of the first main pipe and the second main pipe; 

a second branch joint which connects the other 
end of the indoor heat exchanger of each Indoor unit 
to the second main pipe through the first flow control- 
lers; 

the first branch joint and the second branch 
joint connected together through a second flow con- 
troller; and 

the indoor units constituted by a first indoor unit 
and second indoor units, the first indoor units having 
a fan for Introducing outdoor air. and canrying out heat 
exchange with outdoor air Introduced by the fan, the 
second indoor units having fans for circulating indoor 
air, and carrying out heat exchange with the air circu- 
lated by the fans; 

wherein when none of the second indoor units 



carry out heating, and at least one of the second in- 
door units carries out cooling, the first indoor unit car- 
ries out cooling. 

The present invention also provides an air condi- 
5 tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
er and an accumulator; 

a plurality of indoor units including indoor heat 
10 exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
indoor units; 

a first branch joint which can selectively con- 
15 nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 

a second branch Joint which connects the other 
end of the indoor heat exchanger of each indoor unit 
20 to the second main pipe through the first flow control- 
lers; 

the first branch joint and the second branch 
joint connected together through a second flow con- 
troller; and 

25 the indoor units constituted by a first indoor unit 

and second indoor units, the first indoor units having 
a fan for introducing outdoor air, and carrying out heat 
exchange with outdoor air introduced by the fan, the 
second indoor units having fans for circulating indoor 
30 air, and canrying out heat exchange with the air circu- 
lating by the fans; 

wherein when none of the second indoor units 
carry out heating or cooling, and at least one of the 
second indoor units canries out ventilation, the first in- 
35 door unit carries out ventilation. 

The present invention also provides an air condi- 
tioning apparatus comprising: 

a single heat source device including a com- 
pressor, a reversing valve, an outdoor heat exchang- 
40 er and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 
connecting between the heat source device and the 
45 indoor units; 

a first branch joint which can selectively con- 
nect one end of the indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 
second main pipe; 
50 a second branch joint which connects the other 

end of the indoor heat exchanger of each indoor unit 
to the second main pipe through the first flow control- 
lers; 

the first branch joint and the second branch 
55 joint connected together through a second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a fourth flow controller; 
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a bypass pipe which has one end connected to 
the second branch joint and the other end connected 
to the first main pipe through a third flow controller; 

a first heat exchanging portion which carries 
out heat exchange between the bypass pipe connect- s 
ing the third flow controller to the first main pipe, and 
the pipe connecting the second main pipe to the sec- 
ond flow controller; 

a junction device which includes the first 
branch joint, the second branch joint, the second flow. io 
controller, the third flow controller the fourth flow con- 
troller, the first heat exchanging portion and the by- 
pass pipe, and which Is interposed between the heat 
source device and the Indoor units; 

the first nnain pipe having a greater diameter is 
than the second main pipe; 

a switching valve arrangement which can be 
arranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a low pressure 20 
side and to a high pressure side, respectively; 

a heat source device bypass pipe which ex- 
tends from the second main pipe on a high pressure 
refrigerant outlet side of the switching arrangement to 
the first main pipe on a low pressure refrigerant inlet 25 
side of the switching arrangement; 

a sixth on off valve which is anranged in the 
heat source device bypass pipe to make an on off con- 
trol of the heat source device bypass pipe; and 

control means for opening the sixth on off valve 30 
when a discharge pressure of the compressor is be- 
yond a preset first value. 

The present invention also provides an air condi- 
tioning apparatus coniprismg: 

a single heat source device including a com- 35 
pressor, a reversing valve, an outdoor heat exchanger 
and an accumulator; 

a plurality of indoor units including indoor heat 
exchangers and first flow controllers; 

a first main pipe and a second main pipe for 40 
connecting between the heat source device and the 
Indoor units; 

a first branch joint which can selectively con- 
nect one end of the Indoor heat exchanger of each in- 
door unit to either one of the first main pipe and the 45 
second main pipe; 

a second branch joint which Is connected to the 
other end of the indoor heat exchanger of each Indoor 
unit through the first flow controllers; 

the first branch joint and the second branch 50 
joint connected together through a second flow con- 
troller; 

the second branch joint connected to the first 
main pipe through a fourth flow controller; 

a bypass pipe which has one end connected to 55 
the second branch joint and the other end connected 
to the first main pipe through a third flow controller; 

a flrst heat exchanging portion which carries 



out heat exchange beb^^een the bypass pipe connect- 
ing the third flow controller to the first main pipe, and 
the pipe connecting the second main pipe to the sec- 
ond flow controller; 

a junction device which includes the first 
branch joint, the second branch joint, the second flow 
controller, the third flow controller the fourth flow con- 
troller, the first heat exchanging portion and the by- 
pass pipe, and which is interposed between the heat 
source device and the indoor units; 

the first main pipe having a greater diameter 
than the second main pipe; 

a switching valve arrangement which can be 
anranged between the first main pipe and the second 
main pipe in the heat source device to switch the first 
main pipe and the second main pipe to a low pressure 
side and to a high pressure side, respectively; 

a heat source device bypass pipe which ex- 
tends flrom the second main pipe on a high pressure 
refrigerant outlet side of the switching anrangement to 
the first main pipe on a low pressure refrigerant inlet 
side of the switching anrangement; 

a sixth on off valve which is arranged in the 
heat source device bypass pipe to make an on off con- 
trol of the heat source device bypass pipe; 

a fourth temperature detector for detecting a 
discharge gaseous refrigerant temperature of the 
compressor; and 

control means for open Ing the sixth on off valve 
when the discharge temperature of the compressor is 
beyond a present first value. 
In drawings: 

Figure 1 is a schematic diagram of the entire struc- 
ture of a first embodiment of the air conditioning 
apparatus according to the present invention, 
which is depicted on the basis of the refrigerant 
system of the apparatus; 
Figure 2 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation states 
of the first embodiment of Figure I wherein solo 
cooling or solo heating is performed; 
Figure 3 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation state of 
the first embodiment of Figure 1 wherein heating 
is principally performed under cooling and heat- 
ing concun'ent operation; 
Figure 4 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation state of 
the first embodiment of the Figure I wherein cool- 
ing is principally performed under cooling and 
heating concurrent operation; 
Figure 5 is a block diagram showing oil recovery 
in the apparatus according to the first embodi- 
ment; 

Figure 6 is a flowchart showing the oil recovery; 
Figure 7 is a graph showing a change in the valve 
setting of a second flow controller for oil recovery 
in the first embodiment; 
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Figure 8 is a schematic diagram showing the en- 
tire structure of a second embodiment which is 
depicted on the basis of the refrigerant system of 
the apparatus; 

Figure 9 is a schematic diagram of the entire 5 
structure of a third embodiment of the air condi- 
tioning apparatus according to the present inven- 
tion, which is depicted on the basis of the refrig- 
erant system of the apparatus; 
Figure 10 is a schematic diagram showing a refrig- io 
erant circuit to help explain the operation states 
of the third embodiment wherein solo cooling or 
solo heating is performed; 
Figure II is a schematic diagram showing a refrig- 
erant circuit to hel p explain the operation state of is 
the third embodiment wherein heating Is princi- 
pally perfonnned under cooling and heating con- 
current operation; 

Figure 12 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation state of 20 
the third embodiment wherein cooling Is principal- 
ly performed under cooling and heating concur- 
rent operation; 

Figure 13 is a block diagram showing a control for 
restraining an increase in high pressure accord- 25 
Ing to the third embodiment; 
Figure 14 is a flowchart showing the control ac- 
cording the third embodiment; 
Figure 15 is a schematic diagram of the entire 
structure of a fourth embodiment of the air condi- 30 
tloning apparatus according to the present inven- 
tion, which is depicted on the basis of the refrig- 
erant system of the apparatus; 
Figure 16 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation states 3S 
of the fourth embodiment wherein solo cooling or 
solo heating is performed; 
Figure 17 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation state of 
the fourth embodiment wherein heating is princi- 40 
pally performed under cooling and heating con- 
current operation; 

Figure 18 is a schematic diagram showing a refrig- 
erant circuit to help explain the operation state of 
the fourth embodiment wherein cooling is princi- 45 
pally performed under cooling and heating con- 
current operation; 

Figure 19 is a block diagram showing a control for 
restraining an increase In high pressure accord- 
ing to the fourth embodiment; so 
Figure 20 is a flowchart showing the control ac- 
cording to the fourth embodiment; 
Figure 21 is a schematic diagram showing the en- 
tire structure of a fffth embodiment which is de- 
picted on the basis of the refrigerant system of the ss 
apparatus; >r 
Figure 22 is a schematic diagram showing a re- 
frigerant circuit to help- explain the operation 



states of the fifth embodiment wherein solo cool- 
ing or solo room heating is performed; 
Figure 23 Is a schematic diagram showing a re- 
frigerant circuit to help explain the operation state 
of the fifth embodiment wherein heating is princi- 
pally perfonmed under cooling and heating con- 
current operation; 

Figure 24 is a schematic diagram showing a re- 
frigerant circuit to help explain the operation state 
of the fifth embodiment wherein cooling is princi- 
pally perfonmed under cooling and heating con- 
current operation; 

Figure 25 is a block diagram showing a confrol for 
restraining an increase in high pressure accord- 
ing to the fifth embodiment; 
Figure 26 Is a flowchart showing the control ac- 
cording to the fifth embodiment; 
Figure 27 is a schematic diagram showing the en- 
tire structure of a sixth embodiment which is de- 
picted on the basis of the refrigerant system of the 
apparatus; 

Figure 28 is a schematic diagram showing the op- 
eration states of the sixth embodiment of Figure 
27 wherein solo cooling or solo heating is per- 
formed; 

Figure 29 Is a schematic diagram showing the op- 
eration state of the sixth embodiment of Figure 27 
wherein heating is principally perfonmed under 
cooling and heating concurrent operation; 
Figure 30 is a schematic diagram showing the op- 
eration state of the sixth embodiment of the Fig- 
ure 27 wherein cooling is principally perfonnned 
under cooling and heating concun-ent operation; 
Figure 31 is is a flowchart showing the operation 
of a first indoor unit in accordance with the sixth 
embodiment; 

Figure 32 is a schematic diagram of the entire 
structure of a seventh embodiment of the air con- 
ditioning apparatus according to the present in- 
vention, which is depicted on the basis of the re- 
frigerant system of the apparatus; 
Figure 33 is a schematic diagram showing the op- 
eration states of the seventh embodiment of Fig- 
ure 32 wherein solo cooling or solo heating Is per- 
fomned; 

Figure 34 is a schematic diagram showing the op- 
eration state of the seventh embodiment of Figure 
32 wherein heating is principally perfonmed under 
cooling and heating concurrent operation; 
Figure 35 is a schematic diagram showing the op- 
eration state of the seventh embodiment of the 
Figure 32 wherein cooling is principally per- 
fonmed under cooling and heating concurrent op- 
eration; jt 

Figure 36 is a block diagram to help explain a con- 
trol for a sixth elecfromagnetic on off valve in ac- 
cordance with the seventh embodiment; 
Figure 37 is a schematic diagram showing a con- 
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trol circuit of the air conditioning apparatus of Fig- 
ure 32. 

Figure 38 Is a flowchart showing the operations of 
the apparatus of Figure 32; 

Figure 39 is a schematic diagram of the entire 5 
structure of an eighth embodiment of the air con- 
ditioning apparatus according to the present in- 
vention, which is depicted on the basis of the re- 
frigerant system of the apparatus; 
Figure 40 is a schematic diagram showing the op- io 
eration states of the eighth embodiment of Figure 
39 wherein solo cooling or solo heating Is per- 
formed; 

Figure 41 is a schematic diagram showing the op- 
eration state of the eighth embodiment of Figure is 
39 wherein heating is principally perfonmed under 
cooling and heating concurrent operation; 
Figure 42 is a schematic diagram showing the op- 
eration state of the eighth embodiment of the Fig- 
ure 39 wherein cooling Is principally perfonmed 20 
under cooling and heating concurrent operation; 
Figure 43 is a block diagram to help explain a con- 
trol for a sixth electromagnetic on off valve In the 
eighth embodiments; 

Figure 44 is a schematic diagram showing a con- 25 
trol circuit of the apparatus of Figure 39; 
Figure 45 is a flowchart showing the control op- 
eration of the apparatus of Figure 39; 
Figure 46 Is a schematic diagram of the entire 
staructure of a modification of the first to eighth em- 30 
bodlments according to the present invention, 
which is depicted on the basis of the refrigerant 
system of the apparatus; 
Figure 47 is a schematic diagram of the entire 
structure of a conventional air conditioning appa- 35 
ratus, which is depicted on the basis of the refrig- 
erant system of the apparatus; 
Figure 48 is a schematic diagram showing the op- 
eration states of the conventional apparatus of 
Figure 47 wherein solo cooling or solo heating Is 40 
performed; 

Figure 49 Is a schematic diagram showing the op- 
eration state of the conventional apparatus of Fig- 
ure 47 wherein heating is principally perfonmed 
under cooling and heating concurrent operation; 45 
Figure 50 is a schematic diagram showing the op- 
eration state of the conventional apparatus of the 
Figure 47 wherein cooling Is principally per- 
formed under cooling and heating concunrent op- 
eration; so 
Figure 51 is a schematic diagram of the entire 
structure of another conventional air conditioning 
apparatus, which is depicted on the basis of the 
refrigerant system of the apparatus; 
Figure 52 Is a schematic diagram showing the op- 55 
eration states of the conventional apparatus of 
Figure 51 wherein solo cooling or solo heating is 
performed; 
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Figure 53 is a schematic diagram showing the op- 
eration state of the conventional apparatus of Fig- 
ure 51 wherein heating is principally perfonmed 
under cooling and heating concurrent operation; 
Figure 54 is a schematic diagram showing the op- 
eration state of the conventional apparatus of the 
Figure 51 wherein cooling Is principally perfonmed 
under cooling and heating concurrent operation. 
Now, the present invention will be described In 
detail with reference to preferred embodiments Illu- 
strated in the accompanying drawings. 

EMBODIMENT I: 

A first embodiment of the present invention will be 
described. 

Figure I is a schematic diagram of the entire struc- 
ture of the first embodiment of the air conditioning ap- 
paratus according to the present invention, which Is 
depicted on the basis of the refirlgerant system of the 
apparatus. Figures 2 to 4 are schematic diagrams 
showing the operation states In cooling or heating In 
the first embodiment of Figure 1; Figure 2 being a 
schematic diagram showing the operation states 
wherein solo cooling or solo heating is performed; and 
Figure 3 and 4 being schematic diagrams showing the 
operation states in cooling and heating concurrent op- 
eration, Figure 3 being a schematic diagram showing 
the operation state wherein heating is principally per- 
formed under cooling and heating concurrent opera- 
tion, and Figure 4 being a schematic diagram showing 
the operation state wherein cooling Is principally per- 
formed under cooling and heating concurrent opera- 
tion. 

Although explanation on the embodiment will be 
made^ in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit Is connected to 
two or more indoor units. 

In Figure II, reference A designates an outdoor 
unit as a heat source device. Reference B, C and D 
designate indoor units which are connected in parallel 
as described later and have the same structure as 
each other. Reference E designates a junction device 
which includes a first branch joint 10, a second flow 
controller 13. a second branch joint II. a gas-llquld sep- 
arator 12, heat exchanging portions 16a. 16b, 16c, I6d 
and 19, a third flow controller 15, and a fourth flow con- 
troller 17, as described later. 

Reference numeral I designates a compressor. 
Reference numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant In the heat source device. Reference numeral 3 
designates an outdoor heat exchanger which is instal- 
led on the side of the heat source device. Reference 
numeral 4 designates an accumulator which Is con- 
nected to the compressor I through the reversing 
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vaive 2. These members constitute the heat source 
device A. Reference numeral 5 designates three in- 
door heat exchangers in the indoor units B, C and D. 
Reference numeral 6 designates a first main pipe 
which has a large diameter and which connects the 5 
four way reversing valve 2 of the heat source device 
A and the junction device E through a fourth check 
valve 33 as stated later. Reference numerals 6b, 6c 
and 6d designate first branch pipes which connect the 
junction device E and the indoor heat exchangers 5 of io 
the respective indoor units B, C and D, and which cor- 
respond to the first main pipe 6. Reference numeral 7 
designates a second main pipe which has a smaller 
diameter than the first main pipe 6, and which con- 
nects the junction device E and the outdoor heat ex- is 
changer 3 of the heat source device A through a third 
check valve 32 as stated later. Reference numerals 
7b, 7c and 7d designate second branch pipes which 
connect the junction device E and the indoor heat ex- 
changers 5 of the respective indoor units B, C and D 20 
through first flow controllers 9, and which conrespond 
to the second main pipe 7. Reference numeral 8 des- 
ignates three way switching valves which can selec- 
tively connect the first branch pipes 6b, 6c and 6d to 
either the first main pipe 6 or the second main pipe 7. 25 
Reference numeral 9 designates the first flow control- 
lers which are connected to the respective indoor heat 
exchangers 5 in close proximity to the same, which 
are controlled based on degree of superheat at refrig- 
erant outlet sides of the respective indoor heat ex- so 
changers in cooling and on degree of subcooling in 
heating, and which are connected to the second 
branch pipes 7b, 7c and 7d, respectively. Reference 
numeral 10 designates the first branch joint which in- 
cludes the three way switching valves 8 which can se- 35 
lectively the first branch pipes 6b, 6c and 6d to either 
the first main pipe 6 or the second main pipe 7. Ref> 
erence numeral II designates the second branch joint 
which includes the second branch pipes 7b, 7c and 
7d, and the second main pipe 7. Reference numeral 40 
12 designates the gas-liquid separator which is ar- 
ranged in the second main pipe 7, and which has a 
gas phase zone connected to first ports 8a of the re- 
spective switching valves 8 and a liquki phase zone 
connected to the second branch joint II. Reference nu- 4S 
meral 13 designates the second flow controller which 
Is connected between the gas-liquid separator 12 and 
the second branch joint It. and which can be selective- 
ly opened and closed. Reference numeral 14 designa- 
. tes a bypass pipe which connects the second branch so 
joint n to the first main pipe 6. Reference numeral 15 
designates the third flow controller (shown as an elec- 
tric expansion valve) which is arranged in the bypass 
pipe 14. Reference numeral 16a designates the second 
heat exchanging portion which is anranged in the by- 55 
pass pipe 14 downstream of the third flow controller 15, 
and which carries out heat exchanging with a conflu- 
ent portion where the second branch pipes 7b, 7c and 




086 A2 30 

7d join in the second branch joint Reference numer- 
• als 16b, 16c and I6d designate the third heat exchang- 
ing portions which are anranged in the bypass pipe 14 
downstream of the third flow controller 15, and which 
cany out heat exchange with the respective second 
branch pipes 7b, 7c and 7d in the second branch joint 
II. Reference numeral 19 designates the first heat ex- 
changing portion which is arranged in the bypass pipe 
14 downstream of the third flow controller 15 and the 
second heat exchanging portion 16a, and which car- 
ries out heat exchanging with a pipe which connects 
between the gas-liquid separator 12 and the second 
flow controller 13. Reference numeral 17 designates 
the fourth flow controller (shown as an electric expan- 
sion valve) which is anranged in a pipe between the 
second branch joint II and the first main pipe 6, and 
which can be selectively opened and closed. Refer- 
ence numeral 32 designates the third check valve 
which is anranged between the outdoor heat exchang- 
er 3 and the second main pipe 7, and which allows a 
refrigerant only to flow firom the outdoor heat ex- 
changer 3 to the second main pipe 7. Reference nu- 
meral 33 designates the fourth check valve which is 
anranged between the four way reversing valve 2 of 
the heat source device A and the first main pipe 6, and 
which allows the refrigerant only to flow from the first 
main pipe 6 to the reversing valve 2. Reference nu- 
meral 34 designates a fifth check valve which is ar- 
ranged between the reversing valve 2 and the second 
main pipe 7, and which allows the refrigerant only to 
flow from the reversing valve 2 to the second main 
pipe 7. Reference numeral 35 designates a sixth 
check valve which is arranged between the outdoor 
heat exchangers and the first main pipe 6, and which 
allows the refirigerant only to flow from the first main 
pipe 6 to the outdoor heat exchanger 3. These check 
valves 32-35 constitute a switching valve arrange- 
ment 40. 

Reference numeral 25 designates a first pressure 
detector which is anranged between the first branch 
joint 10 and the second flow controller 13. Reference 
numeral 26 designates a second pressure detector 
which is anranged between the second flow controller 
13 and the fourth flow controller 17. 

Reference numeral 50 designates a low pressure 
saturation temperature detector which is anranged in 
a pipe connecting between the reversing valve 2 and 
the accumulator 4. Reference numeral 18 designates 
a fourth pressure detector which is anranged in a pipe 
connecting between the compressor I and the revers- 
ing valve 2. 

The operation of the first embodiment as con- 
structed above will be explained. 

Firstly, the case wherein only cooling is per- 
formed will be explained with reference to Figure 2. 

In this case, the flow of the refrigerant is indicated 
by anrows of solid line. The compressor I has capacity 
controlled so that a temperature detected by the low 
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pressure saturation temperature detector 50 achieves 
a predetermined value. The refrigerant gas which has 
discharged from the compressor I and had high tem- 
perature under high pressure passes through the four 
way reversing valve 2. and is heat exchanged and 5 
condensed In the outdoor heat exchanger 3. Then, the 
refrigerant passes through the third check valve 32, 
the second main pipe 7, the separator 12 and the sec- 
ond flow controller 13 in that order. The refrigerant fur- 
ther passes through the second branch joint II and the io 
second branch pipes 7b. 7c and 7d, and enters the in- 
door units B, C and D. The refrigerant which has en- 
tered the indoor units B, C and D is depressurized to 
low pressure by the first flow controllers 9 which are 
controlled based on degree of superheat at the outlets is 
of the respective indoor heat exchanger 5. In the in- 
door heat exchangers 5. the refrigerant thus depres- 
surized canries out heat exchanging with indoor air to 
be evaporated and gasified, thereby cooling the 
rooms. The refrigerant so gasified passes through the 20 
first branch pipes 6b, 6c and 6d, the three way switch- 
ing valves 8, and the first branch joint 10. Then the re- 
frigerant is inspired into the compressor I through the 
first main pipe 6, the fourth check valve 33, the four 
way reversing valve 2 in the heat source device A, and 25 
the accumulator 4. In this way, a circulation cycle is 
formed to canry out room cooling. At this mode, the 
three way switching valves 8 have the first ports 8a 
closed, and second ports 8b and third ports 8c 
opened. At the time, the first main pipe 6 is at low pres- 30 
sure In it, and the second main pipe 7 is at high pres- 
sure in it, which necessarily make the third check 
yalve 32 and the fourth check valve 33 to conduct for 
the refrigerarit. In addition, in this mode, the refiriger- 
ant, which has passed through the second flow con- 35 
troller 13, partly enters the bypass pipe 14 where the 
entered part of the refrigerant is depressurized to low 
pressure by the third flow controller 15. The refrigerant 
thus depressurized carries out heat exchanging with 
the second branch pipes 7b, 7c and 7d at the third 40 
heat exchanging portions 16b 16c and 16d, with the con- 
fluent portion of the second branch pipes 7b, 7c and 
7d at the second heat exchanging portion i6a in the 
second branch joint II, and at the first heat exchanging 
portion 19 with the refrigerant which flows into the sec- 45 
ond flow controller 13. The refrigerant Is evaporated 
due to such heat exchanging, and enters the first main 
pipe 6 and the fourth check valve 33. Then the refirig- 
erant is inspired into the compressor I through the first 
four way reversing valve 2 and the accumulator 4. 50 

On the other hand, the refrigerant, which has heat 
exchanged at the first heat exchanging portion 19, the 
second heat exchanging portion 18a, and the third 
heat exchanging portions 16b, 16c and I6d, and has 
been cooled so as to get sufficient subcooling, enters 55 
the Indoor units B, C and D which are expected to car- 
ry out cooling. 

Secondly, the case wherein only heating is per- 
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fonmed will be described with reference Figure 2. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. The compression I has capacity 
controlled so that a pressure detected by the fourth 
pressure detector 18 achieves a predetermined value. 

The refrigerant which has been discharged from 
the compressor I and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, the fifth check valve 34, the 
second main pipe 7, and the gas-liquid separator 12. 
Then the refrigerant passes through the first branch 
joint 10, the three way switching valves 8, and the first 
branch pipes 6b, 6c and 6d in that order. After that, the 
refrigerant enters the respective indoor units B, C and 
D where the refrigerant carries out heat exchanging 
with indoor air. The refrigerant is condensed to be liq- 
uefied due to such heat exchanging, thereby heating 
the rooms. The refrigerant thus liquefied passes 
through the first flow controllers 9 which are almost 
fully opened, being controlled based on degree of 
subcooling at the refrigerant outlets of the respective 
indoor heat exchangers 5. Then the refrigerant enters 
the second branch joint 11 through the second branch 
pipes 7b, 7c and 7d, and joins there. Then the joined 
refrigerant passes through the fourth flow controller 
17. The refrigerant is depressurized by either the first 
flow controllers 9 or the third and fourth flow contiDl- 
lers 15 and 17 to take a gas liquid two phase state hav- 
ing low pressure. The refrigerant thus depressurized 
enters the outdoor heat exchanger 3 through the first 
main pipe 6 and the sixth check valve 35 of the heat 
source device A, and carries out heat exchanging to 
be evaporated and gasified. The refrigerant thus ga- 
sified is Inspired into the compressor I through the four 
way reversing valve 2 of the heat source device A, and 
the accumulator 4. In this way, a circulation cycle Is 
fonfned to canry out heating. In this mode, the switch- 
ing valves 8 have the second ports 8b closed, and the 
first and the third ports 8a and 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in It. and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant. 

At that time, the second flow controller 13 is fully 
closed in a normal state. 

Thirdly, the case wherein heating is principally 
perfonmed in cooling and heating concurrent opera- 
tion will be explained with reference to Figure 3. In Fig- 
ure 3, arrows of dotted line indicate the flow of the re- 
frigerant. The compression 1 has capacity controlled 
so that a pressure detected by the fourth pressure de- 
tector 18 achieves a predetenmined value. The refrig- 
erant which has been discharged from the compres- 
sor I, and been a gas having high temperature under 
high pressure passes through the four way reversing 
valve 2, and then reaches the junction device E 
through the fifth check valve 34 and the second main 
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pipe 7. The refrigerant flows through the gas-tiquid 
separator 12. In addition, the refrigerant passes 
through the first branch joint 10, the three way switch- 
ing valves 8, and the first branch pipes 6b and 6c in 
that order, and enters the indoor units B and C which 5 
are expected to canry out heating. In the indoor heat 
exchangers 5 of the respective indoor units B and C, 
the refrigerant carries out heat exchange with indoor 
air to be condensed and liquefied, thereby heating the 
rooms. The refrigerant thus condensed and liquefied io 
passes through the first flow controllers 9 of the indoor 
units B and C, the first controllers 9 of the indoor units 
B and C being almost fully opened under control 
based on degree of subcooling at the refrigerant out< 
lets of the corresponding indoor heat exchangers 5. is 
The refrigerant is slightly depressurized by these first 
flow controllers 9, and flows into the second blanch 
joint II. After that, a part of the refrigerant passes 
through the second branch pipe 7d of the indoor unit 
D which is expected to carry out cooling, and enters 20 
the indoor unit D. The refrigerant flows into the first 
flow controller 9 of the indoor unit D, the first flow con- 
troller 9 being controlled based on degree of super- 
heat at the refrigerant outlet of the corresponding in- 
door heat exchanger 5. After the refrigerant is depres- 25 
surized by this first flow controller 9, It enters the in- 
door heat exchanger 5, and carries out heat exchange 
to be evaporated and gasified, thereby cooling the 
room. Then the refrigerant enters the first main pipe 
6 through the first branch pipe 6d and the three way 30 
switching valve 8 which is connected to the indoor unit 
D. 

On the other hand, another part of refrigerant 
passes through the fourth flow controller 17 which Is 
controlled so that a difference between a pressure de- 3S 
tected by the first pressure detector 25 and a pressure 
detected by the second pressure detector 26 falls into 
a predetermined range. Then the refrigerant joins with 
the refrigerant which has passed the indoor unit D 
which is expected to carry out cooling. After that, the 40 
refirigerant thus joined passes through the first main 
pipe 6 having such a larger diameter, and the sixth 
check valve 35 of the heat source device A, and en- 
ters the outdoor exchanger 3 where the refrigerant 
canies out heat exchange to be evaporated and ga- 45 
srfied. The refrigerant thus gasified is inspired into the 
compressor I through the heat source device revers- 
ing valve 2 and the accumulator 4. In this way, a cir- 
culation cycle Is formed to carry out the cooling and 
heating concunrent operation wherein heating is prin- so 
cipally performed. At this time, the difference between 
the evaporation pressure in the indoor heat exchang- 
er 5 of the cooling indoor un it D and that of the outdoor 
heat exchanger 3 lessens because of switching to the 
first main pipe 6 having such a greater diameter. At ss 
that time, the three port switching valves 8 which are 
connected to the heating indoor units B and C have 
the second ports 8b closed, and the first and third 




086 A2 34 

ports 8a and 8c opened. The three port switching 
valve 8 which is connected to the cooling indoor unit 
D has the first port 8a closed, and the second port 8b 
and the third port 8c opened. 

In this mode, the first main pipe 6 is at tow pres- 
sure in it, and the second main pipe 7 Is at high pres- 
sure in it, which necessarfly causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant. At this circulation cycle, the remaining 
part of the liquefied refrigerant goes into the bypass 
pipe 14 from the confluent portion of the second 
branch joint II where the second branch pipes 7b, 7c 
and 7d join together. The refrigerant which has gone 
into the bypass pipe 14 is depressurized to low pres- 
sure by the third flow controller 15. The refrigerant thus 
depressurized carries out heat exchange with the re- 
frigerant in the second branch pipes 7b, 7c and 7d at 
the third heat exchanging portions 16b, 16c and I6d, 
with the refrigerant in the confluent portion of the sec- 
ond branch pipes 7b, 7c and 7d in the second branch 
joint It at the second heat exchanging portion 16a, and 
at the first heat exchanging portion 19 with the pipe on 
the refrigerant inlet side of the second flow controller 
13. The refrigerant is evaporated by such heat ex- 
change, and enters the first main pipe 6. After that, the 
refrigerant flows into the sixth check valve 35 and then 
into the outdoor heat exchanger 3 where it performs 
heat exchange to be evaporated and gasified. The re- 
frigerant thus gasified is inspired into the compressor 
1 through the first four way reversing valve 2 and the 
accumulator 4. . 

On the other hand, the refrigerant in the second 
branch joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, t6c and t6d to obtain 
sufficient subcooling flows into the indoor unit D which 
is expected to cool the room. 

At that time, the second flow controller 13 Is fully 
closed in a normal state. 

Fourthly, the case wherein cooling is principally 
perfomied in cooling and heating concurrent opera- 
tion will be described with reference to Figure 4. 

In Figure 4, arrows of solid lines indicate the flow 
of the refrigerant. The compressor I has capacity con- 
trolled so that a temperature detected by the low pres- 
sure saturation temperature detector 50 achieves a 
predetermined value. The refrigerant which has been 
discharged firom the compressor I and been a gas 
having high temperature under high pressure flows 
into the outdoor heat exchanger 3 through the revers- 
ing valve 2, and carries out heat exchange with out- 
door air in the outdoor heat exchanger 3 to take a gas- 
liquid two phase state having high temperature under 
high pressure. Then the refrigerant passes through 
the third check valve 32 and the second main pipe 7, 
and is fonn^arded to the gas-liquid separator 12 in the 
junction device E. The refrigerant is separated into a 



BNSDCCID: <EP 05l40e6A2J_> 



35 



EP 0 514 086 A2 



36 



gaseous refrigerant and a liquid refrigerant there, and 
the gaseous refrigerant thus separated flows through 
the first branch joint 10. and the three way switching 
valve 8 and the first branch pipe 6d which are connect- 
ed to the Indoor unit D, In that order, the Indoor unit D 5 
being expected to heat the room with the Indoor unit 
D Installed in it. The refrigerant flows into the indoor 
unit 0, and candies out heat exchange with indoor air 
to be condensed and liquefied, thereby heating the 
room. In addition, the refrigerant passes through the io 
first flow controller 9 connected to the heating Indoor 
unit D, this first flow controller 9 being almost fully 
opened under control based on degree of subcooling 
at the refrigerant outlet of the indoor heat exchanger 
5 of the heating indoor unit D. The refrigerant is slight- is 
ly depressurlzed by this first flow controller 9, and 
flows into the second branch joint 11. On the other 
hand, the remaining liquid refrigerant enters the sec- 
ond branch joint II through the second flow controller 
13 which is controlled based on pressures detected by 20 
the first pressure detector 25 and the second pressure 
detector 26. Then the refrigerant joins there with the 
refrigerant which has passed through the heating in- 
door unit D. The refrigerant thus joined passes 
through the second branch joint 11, and then the sec- 2S 
ond branch pipes 7b and 7c, respectively, and enters 
the respective indoor units B and C. The refrigerant 
which has flowed into the indoor units B and C is de- 
pressurized to low pressure by the first flow control- 
lers 9 of the indoor units B and C, these first flow con- 3o 
broilers 9 controlled based on degree of superheat at 
the refrigerant outlets of the conresponding indoor 
heat exchangers 5. Then the refrigerant flows into the 
indoor heat exchangers 5, and carries out heat ex- 
change with indoor air to be evaporated and gasifled, 35 
thereby cooling the rooms. In addition, the refrigerant 
thus gasified passes through the first branch pipes 6b 
and 6c, the three way switching valves 8, and the first 
branch joint 10. Then the refirlgerant is inspired into 
compressor I through the first main pipe 6, the fourth 40 
check valve 33, the four way reversing valve 2 in the 
heat source device A, and the accumulator 4. In this 
way, a circulation cycle is formed to carry out the cool- 
ing and heating concurrent operation wherein cooling 
is principally performed. In this mode, the three way 45 
switching valves 8 which are connected to the indoor 
units B and C have the first ports 8a closed, and the 
second and third ports 8b and 8c opened. The three 
way switching valve 8 which is connected to the in- 
door unit D has the second port 8b closed, and the first so 
and third ports 8a and 8c opened. 

At that time, the flrst main pipe 6'is at low pressure 
in it, and the second main pipe 7 is a h^h pressure in 
it, which necessarQy causes the third check vah/e 32 
and the fourth check valve 33 to conduct for the refrig- 55 
erant 

In this circulation cycle, the liquid refrigerant part- 
ly enters the bypass pipe 14 from the confluent portion 
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of the second branch joint II where the second branch 
pipes 7b, 7c and 7d join together. The liquid refriger- 
ant which has entered into the bypass pipe 14 is de- 
pressurized to low pressure by the third flow controller 
15. The refrigerant thus depressurized canried out heat 
exchange with the refirlgerant in the second branch 
pipes 7b. 7c and 7d at the third heat exchanging por- 
tions 18b, 16c and I6d, and at the second heat exchang- 
ing portion 16a with the refrigerant In the confluent por- 
tion of the second branch pipes 7b, 7c and 7d In the 
second branch joint II, and at the first heat exchanging 
portion 19 with the refrigerant which flows into the sec- 
ond flow controller 13. The refrigerant is evaporated by 
such heat exchange, and enters the first main pipe 6. 
The refrigerant which has entered the first main pipe 
6 is inspired into the compressor I through the fourth 
check valve 33, the four way reversing valve 2 in the 
heat source device A, and the accumulator 4. 

On the other hand, the refirlgerant In the second 
branch joint 11 which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d to obtain 
sufficient subcool flows into the indoor units B and C 
which are expected to canry out cooling. 

Now, the oil recovery according to the first em- 
bodiment wherein the second flow controller 13 is nor- 
mally fully closed in only heating, or in cooling and 
heating concurrent operation with heating principally 
perfonmed will be explained, referring to Figures 5-7. 
Figure 5 is a block diagram showing the oil recovery 
according to the first embodiment, Figure 6 is a flow- 
chart showing the oil recovery according to the first 
embodiment, and the Figure 7 is a graph showing a 
change in the valve setting of the second flow control- 
ler 13. 

In Figure 5, reference numeral 61 designates a 
first timer which measures a duration that has lapsed 
since the previous control was made, thereby period- 
ically carrying out the valve setting control of the sec- 
ond flow controller 13 at a first cycle. The first timer is 
cleared wheneverthe compressor I starts working or 
the valve setting control of the second flow controller 
13 is made. Reference numeral 62 designates a sec- 
ond timer which measures an operating duration of 
the compressor I, and which is cleared whenever the 
compressor I starts working or a second cyde which 
is longer than the first cycle has lapsed. Reference nu- 
meral 63 designates determination means for gradu- 
ally nan-owing the valve setting of the second flow 
controller by a predetennined value at a time based 
on outputs from the first timer I, and for retuming the 
valve setting of the second flow controller to its initial 
setting based on an output from the second timer. 

A control flow for the oil recovery will be ex- 
plained, referring to Figures 6 and 7. 

At Step 71, the second timer 62 detenrnines wheth- 
er a predetennined second duration as the second cy- 
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cle, or longer has lapsed or not. If affirmative, the pro- 
gram proceeds to Step 76. If negative, the program 
proceeds to Step 72. 

At Step 76, the valve setting of the second flow 
controller 13 is opened by a predetemiined value to be s 
returned to Its initial value as indicated by a point a in 
Figure 7. At the next Step 77, the time data in the sec- 
ond timer 62 is cleared, and the program returns to 
Step 71. 

At Step 72, the first timer 61 detenmines whether io 
a predetemiined first duration as the first cycloe, or 
longer, has lapsed or not. The first duration is shorter 
than the second duration. If affirmative, the program 
proceeds to Step 73. If negative, the program returns 
to Step 71. 15 

At Step 73, it is determined whether the second 
flow controller 13 is fully closed or not. If affirmative, 
the program proceeds to Step 75. If negative, the pro- 
gram proceeds to Step 74. 

At Step 74, the valve setting of the second flow 20 
controller 13 is gradually narrowed by the predeter- 
mined value which is shorter than the predetenmined 
value at Step 76, as indicated by a part b in Figure 7. 
Then, the program proceeds to Step 75. 

At Step 75, the time data in the first timer 61 is 25 
cleared, and the program returns to Step 71. 

In accordance with the first embodiment, the lu- 
bricating oil which has flowed from the second main 
pipe during operation of the compressor, and stayed 
at the inlet side of the second flow controller because 30 
of small valve setting of the second flow controller can 
be returned from the third flow controller or the cooling 
indoor unit through the first main pipe by regulariy en- 
larging the valve setting of the second flow controller. 

In the case of only heating, or cooling and heating 35 
concurrent operation with heating principally per- 
formed, a control wherein the minimum valve setting 
is detenmined and the second flow controller 13 is al- 
ways slightly opened to be prevent from being fully 
closed can be adopted to prevent the lubricating oil of 40 
the compressor from staying at the inlet side of the 
second flow controller 13. Such a control is also effec- 
tive. In accordance with this control, the lubricating oil 
of the compressor can be returned from the third flow 
controller or the cooling indoor unit to the compressor 45 
through the first main pipe. Although this control in- 
volves a minor problem in that heating capacity slight- 
ly deteriorates in a steady manner because the refirig- 
erant always flows through the second flow controller, 
the lubricating oil can be prevented from staying in the so 
junction device, thereby avoiding seizure of the com- 
pressor. 

EMBODIMENT 2: 

55 

As shown in Figure 8, a capillary tube 51 can be 
provided in parallel with the second flow controller 13 
to obtain an advantage similar to the provision of the 
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minimum valve setting in the second flow controller 13. 

The provision of the capillary tube in parallel with 
the second flow controller can ensure the passage of 
the lubricating oil for the compressor during operation 
of the compressor even if the second flow controller 
is fully closed. As a result, the lubricating oil can be 
prevented from staying at the inlet side of the second 
flow controller, and the lubricating oil can be returned 
from the third flow controller or the cooling indoor unit 
through the first main pipe. 

EMBODIMENT 3: 

A third embodiment of the present invention will 
be described. 

Figure 9 is a schematic diagram of the entire 
structure of the third embodiment of the air condition- 
ing apparatus according to the present invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 10 to 12 are schematic 
diagrams showing the operation states In cooling or 
heating in the third embodiment of Figure 9; Figure 10 
being a schematic diagram showing the operation 
states wherein solo cooling or solo heating are per- 
formed; and Figures II and 12 being schematic dia- 
grams showing the operation states in cooling and 
heating concurrent operation. Figure II being a sche- 
matic diagram showing the operation state wherein 
heating Is principally performed under cooling and 
heating concurrent operation (heating load is greater 
than cooling load), and Figure 12 being a schematic di- 
agram showing the operation state wherein cooling is 
principally performed under cooling and heating con- 
cunnent operation (cooling load is greater than heating 
load). 

Although explanation on the embodiment will be 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit is connected to 
two or more indoor units. 

In Figure 9, reference A designates an outdoor 
unit as a heat source device. Reference B, C and D 
designate indoor units which are connected in parallel 
as described later and have the same structure as 
each other. Reference E designates a junction device 
which includes a first branch joint 10, a second flow 
controller 13, a second branch joint II, a gas-liquld sep- 
arator 12, heat exchanging portions 16a, 16b, 16c, I6d 
and 19, a third flow controller 15, and a fourth flow con- 
troller 17, as described later. 

Reference numeral I designates a compressor. 
Reference numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant in the heat source device. Reference numeral 3 
designates an outdoor heat exchanger which is instal- 
led on the side of the heat source device. Reference 
numeral 4 designates an accumulator which is con- 
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nected to the compressor I through the reversing 
valve 2. These devices constitute the heat source de- 
vice A. Reference numeral 5 designates three indoor 
heat exchangers in the indoor units B, C and D. Ref- 
erence numeral 6 designates a first main pipe which s 
has a large diameterand which connects thefourway 
reversing valve 2 of the heat source device A and the 
junction device E through a fourth check valve 33 as 
stated later. Reference numerals 6b, 6c and 6d des- 
ignate first branch pipes which connect the junction io 
device E and the indoor heat exchangers 5 of the re- 
spective indoor units B, C and D, and which corre- 
spond to the first main pipe 6. Reference numeral 7 
designates a second main pipe which has a smaller 
diameter than the first main pipe 6, and which con- is 
nects the junction device E and the outdoor heat ex- 
changer 3 of the heat source device A through a third 
check valve 32 as stated later. Reference numerals 
7b, 7c and 7d designate second branch pipes which 
connect the junction device E and the indoor heat ex- 20 
changers 5 of the respective indoor units B, C and D 
through first flow controllers 9, and which conrespond 
to the second main pipe 7. Reference numeral 8 des- 
ignates three way switching valves which can selec- 
tively connect the first branch pipes 6b, 6c and 6d to 25 
either the first main pipe 6 or the second main pipe 7. 
Reference numeral 9 designates the first flow control- 
lers which are connected to the respective indoor heat 
exchangers 5 in close proximity to the same, which 
are controlled based on degree of superheat at refrig- 30 
erant outlet sides of the respective indoor heat ex- 
changers in cooling and on degree of subcooling in 
heating, and which are connected to the second 
branch pipes 7b. 7c and 7d. respectively. Reference 
numeral 10 designates the first branch joint which in- 35 
eludes the three way switching valves 8 which can se- 
lectively the first branch pipes 6b, 6c and 6d to either 
the first main pipe 6 or the second main pipe 7. Ref- 
erence numeral II designates the second branch joint 
which includes the second branch pipes 7b, 7c and 40 
7d, and the second main pipe 7. Reference numeral 
12 designates the gas-liquid separator which is ar- 
ranged in the second main pipe 7, and which has a 
gas phase zone connected to first ports 8a of the re- 
spective switching valves 8 and a liquid phase zone 45 
connected to the second branch joint II. Reference nu- 
meral 13 designates the second flow controller which 
is connected between the gas-liquid separator 12 and 
the second branch joint II, and which can be selective- 
ly opened and closed. Reference numeral 14 designa- so 
tes a bypass pipe which connects the second branch 
joint il to the first main pipe 6. Reference numeral 15 
designates the third flow controller (shown as an elec- 
tric expansion valve) which is anranged in the bypass 
pipe 14. Reference numeral 16a designates the second 55 
heat exchanging portion which is arranged in the by- 
pass pipe 14 downstream of the third flow controller 15, 
and which carries out heat exchanging with a conflu- 
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ent portion where the second branch pipes 7b, 7c and 
7d join in the second branch joint. Reference numer- 
als 16b, 16c and I6d designate the third heat exchang- 
ing portions which are anranged in the bypass pipe 14 
downstream of the third flow controller 15, and which 
canry out heat exchange with the respective second 
branch pipes 7b, 7c and 7d in the second branch joint 
II. Reference numeral 19 designates the first heat ex- 
changing portion which Is anranged in the bypass pipe 
14 downstream of the third flow controller 15 and the 
second heat exchanging portion 16a, and which car- 
ries out heat exchanging with a pipe which connects 
between the gas-liquid separator 12 and the second 
flow controller 13. Reference numeral 17 designates 
the fourth flow controller (shown as an electric expan- 
sion valve) which Is anranged In a pipe between the 
second branch joint 11 and the first main pipe 6, and 
which can be selectively opened and closed. Refer- 
ence numeral 32 designates the third check valve 
which is arranged between the outdoor heat exchang- 
er 3 and the second main pipe 7, and which allows a 
refrigerant only to flow from the outdoor heat ex- 
changer 3 to the second main pipe 7. Reference nu- 
meral 33 designates the fourth check valve which is 
anranged between the four way reversing valve 2 of 
the heat source device A and the first main pipe 6, and 
which allows the refrigerant only to flow from the first 
main pipe 6 to the reversing valve 2. Reference nu- 
meral 34 designates a fifth check valve which is ar- 
ranged between the reversing valve 2 and the second 
main pipe 7, and which allows the refrigerant only to 
flow from the reversing valve 2 to the second main 
pipe 7. Reference numeral 35 designates a sixth 
check vah/e which is arranged between the outdoor 
heat exchanger 3 and the first main pipe 6, and which 
allows the refrigerant only to flow from the first main 
pipe 6 to the outdoor heat exchanger 3. These check 
valves 32-35 constitute a switching valve arrange- 
ment 40. 

Reference numeral 25 designates a first pressure 
detector which is anranged between the first branch 
joint 10 and the second flow controller 13. Reference 
numeral 26 designates a second pressure detector 
which is arranged between the second flow controller 
13 and the fourth flow controller 17. Reference numeral 
27 designates a third pressure detector which is ar- 
ranged in the first main pipe 6. 

Reference numeral 50 designates a low pressure 
saturation temperature detector which is anranged in 
a pipe connecting between the reversing valve 2 and 
the accumulator 4. Reference numeral IS designates 
a fourth pressure detector which is anranged in a pipe 
connecting between the compressor I and the revers- 
ing valve 2. 

The operation of the third embodiment as con- 
structed above will be explained. 

Firstly, the case wherein only cooling is per- 
formed will be explained with reference to Figure 10. 
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In this case, the flow of the refrigerant is indicated 
. by arrows of solid line. The compressor I has capacity 
controlled so that a temperature detected by the low 
pressure saturation temperature detector 50 achieves 
a predetermined value. The refrigerant gas which has 5 
discharged from the compressor I and had high tenrv 
perature under high pressure passes through the four 
way reversing valve 2, and is heat exchanged and 
condensed in the outdoor heat exchanger 3. Then, the 
refrigerant passes through the third check valve 32, io 
the second main pipe 7, the separator 12 and the sec- 
ond flow controller 13 in that order. The refrigerant fur- 
ther.passes through the second branch joint II and the 
second branch pipes 7b, 7c and 7d, and enters the in- 
door units B, C and D. The refrigerant which has en- is 
tered the indoor units B, C and D is depressurized to 
low pressure by the first flow controllers 9 which are 
controlled based on degree of superheat at the outlets 
of the respective indoor heat exchanger 5. In the in- 
door heat exchangers 5, the refrigerant thus depres- 20 
surized can-ies out heat exchanging with indoor air to 
be evaporated and gasified, thereby cooling the 
rooms. The refrigerant so gasified passes through the 
first branch pipes 6b, 6c and 6d, the three way switch- 
ing valves 8, and the first branch joint 10. Then the re- 25 
frigerant is Inspired into the compressor I through the 
first main pipe 6, the fourth check valve 33, the four 
way reversing valve 2 in the heat source device A, and 
the accumulator 4. In this way, a circulation cycle is 
fonmed to carry out cooling. At this mode, the three 30 
way switching valves 8 have the first ports 8a closed, 
and second ports 8b and third ports Be opened. At the 
time, the first main pipe 6 is at low pressure in it, and 
the second main pipe 7 is at high pressure in it, which 
necessarily make the third check valve 32 and the 35 
fourth check valve 33 to conduct for the refrigerant. In 
additbn, in this mode, the refrigerant, which has 
passed through the second flow controller 13, partly 
enters the bypass pipe 14 where the entered part of the 
refrigerant is depressurized to low pressure by the 40 
third flow controller 15. The refrigerant thus depressu- 
rized carries out heat exchanging with the second 
branch pipes 7b, 7c and 7d at the third heat exchang- 
ing portions 16b 16c and I6d, with the confluent portion 
of the second branch pipes 7b, 7c and 7d at the sec- 45 
ond heat exchanging portion 16a in the second branch 
joint II. and at the first heat exchanging portion 19 with 
the refrigerant which enters the second flow controller 
13. The refrigerant is evaporated due to such heat ex- 
changing, and enters the first main pipe 6 and the 50 
fourth check valve 33. Then the refrigerant is inspired 
into the compressor I through the first four way revers- 
ing valve 2 and the accumulator 4. 

On the other hand, the refrigerant, which has heat 
exchanged at the first heat exchanging portion 19, the 55 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and .I6d, and has 
been cooled so as to get sufficient subcooling, enters 




086 A2 42 

the indoor units B, C and D which are expected to car- 
ry out cooling. 

Secondly, the case wherein only heating is per- 
formed will be described with reference Figure 10. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. The compressor I has capacity 
controlled so that a pressure detected by the fourth 
pressure detector 18 achieves a predetemnined value. 

The refrigerant which has been discharged from 
the compressor I and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, the fifth check valve 34, the 
second main pipe 7, and the gas-liquid separator 12. 
Then the refrigerant passes through the first branch 
joint 10, the three way switching valves 8, and the first 
branch pipes 6b. 6c and 6d in that order. After that, the 
refrigerant enters the respective indoor units 8, C and 
D where the refrigerant carries out heat exchanging 
with indoor air. The refrigerant is condensed to be liq- 
uefied due to such heat exchanging, thereby heating 
the rooms. The refrigerant thus liquefied passes 
through the first flow controllers 9 which are almost 
fully opened, being controlled based on degree of 
subcooling at the refrigerant outlets of the respective 
Indoor heat exchangers 5. Then the refrigerant enters 
the second branch joint II through the second branch 
pipes 7b, 7c and 7d, and joins there. Then the joined 
refrigerant passes through the fourth flow controller 
17. The refirigerant is depressurized there, and enters 
the outdoor heat exchanger 3 through the first main 
pipe 6 and the sixth check valve 35 of the heat source 
device A, and carries out heat exchanging to be 
evaporated and gasified. The refrigerant thus gasified 
is inspired into the compressor i through the four way 
reversing valve 2 of the heat source device A, and the 
accumulator 4. In this way, a circulation cycle is 
fonmed to carry out room heating. In this mode, the 
switching valves 8 have the second ports 8b dosed, 
and the first and the third ports 8a and 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant 

Thirdly, the case wherein room heating is princi- 
pally perfonmed in room cooling and room heating 
concurrent operation will be explained with reference 
to Figure II. in Figure II, anrows of dotted line indicate 
the flow of the refrigerant The compressor I has ca- 
pacity controlled so that a pressure detected by the 
fourth pressure detector 18 achieves a predetermined 
value. The refrigerant which has been discharged 
from the compressor i, and been a gas having high 
temperature under high pressure passes through the 
four way reversing valve 2, and then reaches the junc- 
tion device E through the fifth check valve 34 and the 
second main pipe 7. The refrigerant flows through the 
gas-liquid separator 12. In addition, the refrigerant 
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passes through the first branch joint 10, the three way 
switching valves 8, and the first branch pipes 6b and 
6c in that order, and enters the Indoor units B and C 
which are expected to carry out heating, in the indoor 
heat exchangers 5 of the respective indoor units B s 
and C. the refrigerant carries out heat exchange with 
Indoor air to be condensed and liquefied, thereby 
heating the rooms. The refrigerant thus condensed 
and liquefied passes through the first flow controllers 
9 of the indoor units B and C, the first controllers 9 of io 
the indoor units B and C being almost fully opened un- 
der control based on degree of subcooling at the re- 
frigerant outlets of the corresponding indoor heat ex- 
changers 5. The refrigerant is slightly depressurized 
by these first flow controllers 9, and flows into the sec- is 
ond blanch joint II. Afler that, a part of the refrigerant 
passes through the second branch pipe 7d of the in- 
door unit D which is expected to cany out cooling, and 
enters the Indoor unit D. The refrigerant flows Into the 
first flow controller 9 of the indoor unit D, the first flow 20 
controller 9 being controlled based on degree of su- 
perheat at the refrigerant outlet of the corresponding 
indoor heat exchanger 5. After the refrigerant is de- 
pressurised by this first flow controller 9, it enters the 
indoor heat exchanger 5, and carries out heat ex- 25 
change to be evaporated and gasified, thereby cool- 
ing the room. Then the refrigerant enters the first main 
pipe 6 through the first branch pipe 6d and the three 
way switching valve 8 which is connected to the in- 
door unit D. 30 

On the other hand, another part of refirigerant 
passes through the fourth flow controller 17 which is 
controlled so that a difference between a pressure de- 
tected by the first pressure detector 25 and a pressure 
detected by the second pressure detector 26 falls Into 3S 
a predetermined range. Then the refrigerant joins with 
the refrigerant which has passed the indoor unit D 
which is expected to carry out cooling. After that, the 
refrigerant thus joined passes through the first main 
pipe 6 having such a larger diameter, and the sixth 40 
check valve 35 of the heat source device A, and en- 
ters the outdoor exchanger 3 where the refrigerant 
carries out heat exchange to be evaporated and ga- 
sified. The reflrigerant thus gasified is inspired into the 
compressor 1 through the heat source device revers- 45 
ing valve 2 and the accumulator 4. In this way, a cir- 
culation cycle is fonmed to carry out the cooling and 
heating concurrent operation wherein room heating is 
principally perfonmed. At this time, the difference be- 
tween the evaporation pressure in the indoor heat ex- so 
changer 5 of the cooling indoor unit D and that of the 
outdoor heat exchanger 3 lessens because of switch- 
ing to the first main pipe 6 having such a greater di- 
ameter. At that time, the three port switching valves 8 
which are connected to the heating indoor units B and 55 
C have the second ports 8b closed, and the first and 
third ports 8a and 8c opened. The three port switching 
valve 8 which is connected to the cooling indoor unit 
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D has the first port 8a closed, and the second port 8b 
and the third port 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant At this circulation cycle, the remaining 
part of the liquefied refrigerant goes into the bypass 
pipe 14 from the confluent portion of the second 
branch Joint II where the second branch pipes 7b, 7c 
and 7d join together. The refrigerant which has gone 
into the bypass pipe 14 is depressurized to low pres- 
sure by the third flow controller 15. The refrigerant thus 
depressurized canies out heat exchange with the re- 
frigerant In the second branch pipes 7b, 7c and 7d at 
the third heat exchanging portions 16b, 16c and I6d, 
with the refrigerant in the confluent portion of the sec- 
ond branch pipes 7b, 7c and 7d in the second branch 
joint II at the second heat exchanging portion 16a, and 
at the first heat exchanging portion 19 with the refrig- 
erant which flows from the second flow controller 13. 
The refrigerant Is evaporated by such heat exchange, 
and enters the first main pipe 6. After that, the refrig- 
erant flows into the sixth check valve 35 and then into 
the outdoor heat exchanger 3 where It performs heat 
exchange to be evaporated and gasified. The refrig- 
erant thus gasified is inspired into the compressor 1 
through the first four way reversing valve 2 and the ac- 
cumulator 4. 

On the other hand, the refrigerant In the second 
branch joint II which has carried out heat exchange 
and cooled at the flrst heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, i6c and I8d to obtain 
sufficient subcooling flows into the indoor unit D which 
is expected to cool the room.. 

Fourthly, the case wherein cooling is principally 
perfonmed in cooling and heating concurrent opera- 
tion will be described with reference to Figure 12. 

In Figure 12. anrows of solid lines indicate the flow 
of the refrigerant. The compressor 1 has capacity con- 
trolled so that a temperature detected by the low pres- 
sure saturation temperature detector 50 achieves a 
predetennined value The refrigerant which has been 
discharged from the compressor 1 and been a gas 
having high temperature under high pressure flows 
into the outdoor heat exchanger 3 through the revers- 
ing valve 2, and carries out heat exchange with out- 
door air In the outdoor heat exchanger 3 to take a gas- 
liquid two phase state having high temperature under 
high pressure. Then the refrigerant passes through 
the third check valve 32 and the second main pipe 7, 
and is fonwarded to the gas-liquid separator 12 in the 
junction device E. The refrigerant is separated into a 
gaseous refrigerant and a liquid refrigerant there, and 
the gaseous reflrigerant thus separated flows through 
the flrst branch joint 10, and the three way switching 
valve 8 and the first branch pipe 6d which are connect- 



BNSDOCID: <EP ^05140BeA2.l_> 



45 



EP 0 514 086 A2 



46 



ed to the indoor unit D, In that order, the indoor unit D 
being expected to heat the roonr^ with the indoor unit 
D installed in it. The refrigerant flows into the indoor 
unit D, and canries out heat exchange with in door air 
to be condensed and liquefied, thereby heating the 5 
room. In addition, the refrigerant passes through the 
first flow controller 9 connected to the heating indoor 
unit D, this first flow controller 9 being alniost fully 
opened under the control based on degree of subcool- 
ing at the refrigerant outlet of the indoor heat exchang- io 
er 5 of the heating indoor unit D. The refrigerant is 
slightly depressurized by this first flow controller 9, 
and flows Into the second branch joint II. On the other 
hand, the remaining liquid refrigerant enters the sec- 
ond branch joint II through the second flow controller is 
13 which is controlled based on pressures detected by 
the first pressure detector 25 and the second pressure 
detector 26. Then the refrigerant joins there with the 
refrigerant which has passed through the heating in- 
door unit D. The refrigerant thus joined passes 20 
through the second branch joint il, and then the sec- 
ond branch pipes 7b and 7c, respectively, and enters 
the respective indoor units B and C. The refrigerant 
which has flowed into the indoor units B and C is de- 
pressurized to low pressure by the first flow control- 25 
lers 9 of the indoor units B and C, these first flow con- 
trollers 9 being controlled based on degree of super- 
heat at the refrigerant outlets of the corresponding in- 
door heat exchangers 5. Then the refrigerant flows 
into the indoor heat exchangers 5, and canies out 30 
heat exchange with indoor air to be evaporated and 
gasified, thereby cooling these rooms. In addition, the 
refrigerant thus gasified passes through the first 
branch pipes 6b and 6c, the three way switching 
valves a, and the first branch joint 10. Then the refiig- 35 
erant is inspired into compressor I through the first 
main pipe 6, the fourth check valve 33, the four way 
reversing valve 2 in the heat source device A, and the 
accumulator 4. In this way, a circulation cycle is 
formed to carry out the cooling and room heating con- 40 
current operation wherein cooling is principally per- 
formed. In this mode, the three way switching valves 
8 which are connected to the indoor units 8 and C 
have the first ports 8a dosed, and the second and 
third ports 8b and 8c opened. The three way switching 45 
valve 8 which is connected to the indoor unit D has the 
second port 8b closed, and the first and third ports 8a 
and 8c opened. 

At that time, the first main pipe 8 is at low pressure 
in it, and the second main pipe 7 is a high pressure in so 
it, which necessarily causes the third check valve 32 
and the fourth check valve 33 to conduct for the reflig- 
erant. 

In this circulatton cycle, the liquid refiigerant part- 
ly enters the bypass pipe 14 from the confluent portion 55 
of the second branch joint II where the second branch 
pipes 7b, 7c and 7d join together. The liquid refriger- 
ant which has entered into the bypass pipe 14 is de- 



pressurized to low pressure by the third flow controller 
15. The refrigerant thus depressurized canried out heat 
exchange with the refrigerant in the second branch 
pipes 7b, 7c and 7d at the third heat exchanging por- 
tions 16b, 16c and I6d, and atthe second heat exchang- 
ing portion 16a with the refrigerant in the confluent por- 
tion of the second branch pipes 7b, 7c and 7d in the 
second branch joint II, and at the first heat exchanging 
portion 19 with the refrigerant which flows into the sec- 
ond flow controller 13. The refrigerant is evaporated by 
such heat exchange, and enters the fourth check 
valve 33 from the first main pipe 6. The refrigerant is 
inspired into the compressor I through the four way re- 
versing valve 2 in the heat source device A, and the 
accumulator 4. 

On the other hand, the refirigerant in the second 
branch joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19. the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, i6c and 16d to obtain 
sufficient subcool flows Into the Indoor units B and C 
which are expected to carry out cooling. 

Now, the control according to the third embodi- 
ment wherein a transitional increase in high pressure 
can be restrained will be explained, referring to Fig- 
ures 13 and 14. Figure 13 is a block diagram showing 
the control for restraining the increase in high pres- 
sure according to the third embodiment, and Figure 14 
is a flowchart showing the control for restraining the 
increase in high pressure In accordance with the third 
embodiment 

In Figure 13, reference numeral 61 designates a 
first timer which measures a duration that has lapsed 
since the previous control was made, thereby period- 
ically carrying out the valve setting controls of the sec- 
ond flow controller 13 and the third flow controller 15. 
The first timer is cleared whenever the compressor I 
starts working or the valve setting controls of the sec- 
ond flow controller 13 and the third flow controller 15 
are made. 

Reference numeral 62 designates determination 
means for determining the valve settings of the sec- 
ond flow controller 13 and the third flow controller 15 
based on pressures detected by the first pressure de- 
tector 25, the second pressure detector 26 and the 
third pressure detector 27 and a signal from the first 
timer. 

Reference numeral 64 designates a second timer 
which measures a duration that has lapsed since the 
previous control for restraining an increase jn high 
pressure was made. The second timer is cleared 
whenever the compressor I starts working or the con- 
trot is made. 

A control fiow for restraining an increase in high 
pressure will be explained, referring to Figure 14. 

At Step 71, the first pressure detector 25 determi- 
nes whether the pressure detected by it is a predeter- 
mined value or higher. If affirmative, the program pro- 
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ceeds to Step 78. If negative, the program proceeds 
to Step 72. 

At Step 78, the second timer 64 detenmines 
whether a predetermined duration B or more has 
lapsed. If negative, the program proceeds to Step 72. 5 
If affirmative, the program proceeds to Step 79. 

At Step 79, the time data in the second timer 64 
is cleared, and the program proceeds to Step 74. At 
Step 74. it Is detemriined whether a difference be- 
tween the pressure detected by the first pressure de- io 
tector 25 and that detected by the second pressure 
detector 26 is a predetermined value Cor higher. If af- 
firmative, the program proceeds to Step 75. If nega- 
tive, the program proceeds to Step 76. 

At Step 75, the valve setting of the second flow is 
controller 13 is increased by a predetermined value a, 
and at Step 76, the valve setting of the third flow con- 
troller 15 is increased by a predetemnlned value b. The 
program leads from Steps 75 and 76 to Step 77. 

At Step 72, the first timer 61 detemiines whether 20 
a predetermined duration A or longer has lapsed or 
not. If affinmatlve, the program proceeds to Step 73. 
If negative, the program returns to Step 71. At Step 73, 
the valve setting of the second flow controller 13 and 
that of the third flow controller 15 are controlled as usu- 25 
ai (explanation of the usual control will be omitted for 
the sake of simplicity): Then the program proceeds to 
Step 77. 

At Step 77, the time data In the first timer 61 is 
cleared, and the program returns to Step 71. 30 

As explained, in accordance with the third em- 
bodiment, when the high pressure is transitionally 
raised due to a change in the number of operating in- 
door units during operation of the compressor, the by- 
pass conduit which extends from the second main 35 
pipe to the first main pipe through the second and third 
flow controllers in the Junction device can be enlarged 
while keeping a differential pressure applied to the 
second flow controller at almost a target value by in- 
creasing the valve setting of the second and third flow 40 
controllers depending on a differential pressure ap- 
plied to the second flow controller in such a manner 
that, based on the values detected by the first and 
second pressure detectors, when the differential pres- 
sure is great, the valve setting of the second flow con- 45 
troller is increased, and when the differential pressure 
is small, the valve setting of the third flow controller is 
increased. As a result, a pressure loss in passage can 
be decreased to facilitate the flow of the refrigerant, 
and the high pressure can be lowered to continue op- 50 
eration without stoppage. 

EMBODIMENT 4: 



A fourth embodiment of the present invention will 
be described. 

Figure 15 is a schematic diagram of the entire 
structure of the fourth embodiment of the alrcondltion- 
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ing apparatus according to the present Invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 16 to 18 are schematic 
diagrams showing the operation states in cooling or 
heating in the fourth embodiment of Figure 15; Figure 
16 being a schematic diagram showing the operation 
states wherein solo cooling or solo heating is per- 
formed; and Figures 17 and 18 being schematic dia- 
grams showing the operation states In cooling and 
heating concurrent operation, Figure 17 being a sche- 
matic diagram showing the operation state wherein 
heating is principally perfonmed under cooling and 
heating concurrent operation (heating load is greater 
than cooling load), and Figure 18 being a schematic di- 
agram showing the operation state wherein cooling is 
principally performed under cooling and heating con- 
current operation (cooling load is greater than heating 
load). 

Although explanation on the embodiment will be 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit is connected to 
two or more indoor units. 

In Figure 15, reference A designates an outdoor 
unit as a heat source device. References B, C and D 
designate indoor units which are connected ip parallel 
as described later and have the same structure as 
each other. Reference E designates a junction device 
which includes a first branch joint 10, a second flow 
controller 13, a second branch join II, a gas-liquid sep- 
arator 12, heat exchanging portions 16a, 16b, 16c, I6d 
and 19, a third flow controller 15, and a fourth flow con- 
troller 17, as described later. 

Reference numeral I designates a compressor. 
Refecence numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant in the heat source device. Reference numeral 3 
designates an outdoor heat exchanger which is instal- 
led on the side of the heat source device. Reference 
numeral 4 designates an accumulator which is con- 
nected to the compressor I through the reversing 
valve 2. These members constitute the heat source 
device A. Reference numeral 5 designates three in- 
door heat exchangers in the indoor units B, C and D. 
Reference numeral 6 designates a first main pipe 
which has a large diameter and which connects the 
four way reversing valve 2 of the heat source device 
A and the junction device E through a fourth check 
valve 33 as stated later. Reference numerals 6b, 6c 
and 6d designate first branch pipes which connect the 
junction device E and the indoor heat exchangers 5 of 
the respective indoor units B, C and D, and which cor- 
respond to the first main pipe 6. Reference numeral 7 
designates a second main pipe which has a smaller 
diameter than the first main pipe 6, and which con- 
nects the junction device E and the outdoor heat ex- 
changer 3 of the heat source device A through a third 
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check valve 32 as stated later. Reference numerals 
7b, 7c and 7d designate second branch pipes which 
connect the junction device E and the indoor heat ex- 
changers 5 of the respective indoor units B, C and D 
through first flow controllers 9, and which correspond 5 
to the second main pipe 7. Reference numeral 8 des- 
ignates three way switching valves which can selec- 
tively connect the first branch pipes 6b, 6c and 6d to 
either the first main pipe 6 or the second main pipe 7. 
Reference numeral 9 designates the first flow control- io 
lers which are connected to the respective indoor heat 
exchangers 5 in close proximity to the same, which 
are controlled based on degree of superheat at refrig- 
erant outlet sides of the respective indoor heat ex- 
changers in cooling and on degree of subcooling in is 
heating, and which are connected to the second 
branch pipes 7b, 7c and 7d, respectively. Reference 
numeral 10 designates the first branch joint which in- 
cludes the three way switching valves 8 which can se- 
lectively the first branch pipes 6b, 6c and 6d to either 20 
the first main pipe 6 or the second main pipe 7, Ref- 
erence numeral It designates the second branch joint 
which includes the second branch pipes 7b, 7c and 
7d, and the second main pipe 7. Reference numeral 
12 designates the gas-liquid separator which is ar- 25 
ranged in the second main pipe 7, and which has a 
gas phase zone connected to first ports 8a of the re- 
spective switching valves 8 and a liquid phase zone 
connected to the second branch joint II. Reference nu- 
meral 13 designates the second flow controller which 30 
Is connected between the gas-liquid separator 12 and 
the second branch joint II, and which can be selective- 
ly opened and closed. Reference numeral 14 designa- 
tes a bypass pipe which connects the second branch 
joint II to the first main pipe 6. Reference numeral 15 3S 
designates the third flow controller (shown as an elec- 
tric expansion valve) which is arranged in the bypass 
pipe 14. Reference numeral 16a designates the second 
heat exchanging portion which is arranged in the by- 
pass pipe 14 downstream of the third flow controller 15, 40 
and which carries out heat exchanging with a conflu- 
ent portion where the second branch pipes 7b, 7c and 
7d join in the second branch joint Reference numer- 
als 16b, 16c and I6d designate the third heat exchang- 
ing portions which are arranged in the bypass pipe 14 45 
downstream of the third flow controller 15, and which 
carry out heat exchange with the respective second 
branch pipes 7b, 7c and 7d in the second branch joint 
11. Reference numeral 19 designates the first heat ex- 
changing portion which is arranged in the bypass pipe so 
14 downstream of the third flow controller 15 and the 
second heat exchanging portion 16a, and which car- 
ries out heat exchanging with a pipe which connects 
between the gas-liquid separator 12 and the second 
flow controller 13. Reference numeral 17 designates 55 
the fourth flow controller (shown as an electric expan- 
sion valve) which is arranged in a pipe between the 
second branch joint II and the first main pipe 6, and 



which can be selectively opened and closed. Refer- 
ence numeral 32 designates the third check valve 
which is anranged between the outdoor heat exchang- 
er 3 and the second main pipe 7, and which allows a 
refrigerant only to flow from the outdoor heat ex- 

' changer 3 to the second main pipe 7. Reference nu- 
meral 33 designates the fourth check valve which Is 
anranged between the four way reversing valve 2 of 
the heat source device A and the first ma in pipe 6, and 
which allows the refrigerant only to flow from the first 
main pipe 6 to the reversing valve 2. Reference nu- 
meral 34 designates a fifth check valve which is ar- 
ranged between the reversing valve 2 and the second 

• main pipe 7, and which allows the refrigerant only to 
flow from the reversing valve 2 to the second main 
pipe 7. Reference numeral 35 designates a sixth 
check valve which is an-anged between the outdoor 
heat exchanger 3 and the first main pipe 6. and which 
allows the refrigerant only to flow firom the first main 
pipe 6 to the outdoor heat exchanger 3. These check 
valves 32-35 constitute a switching valve arrange- 
ment 40. 

Reference numeral 25 designates a first pressure 
detector which is arranged between the first branch 
joint 10 and the second flow controller 13. Reference 
numeral 26 designates a second pressure detector 
which is arranged between the second flow controller 
13 and the fourth flow controller 17. Reference numeral 

27 designates a third pressure detector which is ar- 
ranged in the first main pipe 6. The reference numeral 

28 designates a bypass pipe outlet temperature de- 
tector which is anranged in the bypass pipe 14 down- 
stream of the first heat exchanging portion 19. 

Reference numeral 50 designates a low pressure 
saturation temperature detector which is anranged in 
a pipe connecting between the reversing valve 2 and 
the accumulator 4. Reference numeral 18 designates 
a fourth pressure detector which is arranged in a pipe 
connecting between the compressor I and the revers- 
ing valve 2. 

The operation of the fourth embodiment as con- 
structed above will be explained. 

Firstly, the case wherein only room cooling is per- 
fomied will be explained with reference to Figure 16. 

In this case, the flow of the refrigerant is indicated 
by arrows of solid line. The compressor I has capacity 
controlled so that a temperature detected by the low 
pressure saturation temperature detector 50 achieves 
a predetenmined value. The refn*gerant gas which has 
discharged from the conripressor I and had high tem- 
perature under high pressure passes through the four 
way reversing valve 2, and is heat exchanged and 
condensed in the outdoor heat exchanger 3. Then, 
the refrigerant passes through the third check valve 
32, the second main pipe 7, the separator 12 and the 
second flow controller 13 in that order. The refrigerant 
further passes through the second branch joint II and 
the second branch pipes 7b. 7c and 7d, and enters the 
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indoor units B, C and D. The refrigerant whicli has en- 
tered the indoor units B, C and D is depressurized to 
low pressure by the first flow controllers 9 which are 
controlled based on degree of superheat at the outlets 
of the respective indoor heat exchanger 5. In the in- 5 
door heat exchangers 5, the refrigerant thus depres- 
surized carries out heat exchanging with indoor air to 
be evaporated and gasified, thereby cooling the 
rooms. The refrigerant so gasified passes through the 
first branch pipes 6b, 6c and 6d. the three way switch- io 
ing valves 8, and the first branch joint 10. Then the re- 
frigerant is inspired into the compressor I through the 
first main pipe 6. the fourth check valve 33, the four 
way reversing valve 2 in the heat source device A, and 
the accumulator 4. In this way, a circulation cycle is is 
formed to carry out cooling. At this mode, the three 
way switching valves 8 have the first ports 8a closed, 
and second ports 8b and third ports 8c opened. At the 
time, the first main pipe 6 Is at low pressure In it, and 
the second main pipe 7 is at high pressure in it, which 20 
necessarily make the third check vafve 32 and the 
fourth check valve 33 to conduct for the refrigerant. In 
addltbn, in this mode, the refrigerant, which has 
passed through the second flow controller 13, partly 
enters the bypass pipe 14 where the entered part of the 25 
refrigerant is depressurized to low pressure by the 
third flow controller 15. The third flow controller is con- 
trolled in accordance with degree of superheat at the 
bypass pipe outlet, which is calculated based on the 
saturation temperature of a pressure detected by the 30 
third pressure detector 27 and a temperature detected 
by the bypass pipe outlet temperature detector 28. 
The refrigerant thus depressurized canries out heat 
exchanging with the second branch pipes 7b, 7c and 
7d at the third heat exchanging portions i6b, 18c and 35 
I6d, with the confluent portion of the second branch 
pipes 7b, 7c and 7d at the second heat exchanging 
portion 16a in the second branch joint II. and at the first 
heat exchanging portion 19 with the refrigerant which 
flows into the second flow controller 13. The refrigerant 40 
is evaporated due to such heat exchanging, and en- 
ters the first main pipe 6 and the fourth check valve 33. 
Then the refrigerant is inspired into the compressor I 
through thefirst four way reversing valve 2 and the ac- 
cumulator 4. 45 

On the other hand, the refrigerant, which has heat 
exchanged at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d, and has 
been cooled so as to get sufficient subcooling, enters so 
the indoor units B, C and D which are expected to car- 
ry out cooling. 

Secondly, the case wherein only heating is per- 
formed will be described with reference Figure 16. In 
this case, the flow of the refrigerant is indicated by ar- 55 
rows of dotted line. The compressor I has capacity 
controlled so that a pressure detected by the fourth 
pressure detector IS achieves a predetermined value. 

28 



The refrigerant which has been discharged from 
the compressor I and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, the fifth check valve 34, the 
second main pipe 7, and the gas-liquid separator 12. 
Then the refrigerant passes through the first branch 
joint 10, the three way switching valves 8, and the first 
branch pipes 6b, 6c and 6d in that order. After that, the 
refrigerant enters the respective indoor units B, C and 
D where the refrigerant carries out heat exchanging 
with indoor air. The refrigerant is condensed to be liq- 
uefied due to such heat exchanging, thereby heating 
the rooms. The refrigerant thus liquefied passes 
through the first flow controllers 9 which are almost 
fully opened, being controlled based on degree of 
subcooling at the refrigerant outlets of the respective 
indoor heat exchangers 5. Then the refrigerant enters 
the second branch joint II through the second branch 
pipes 7b, 7c and 7d, and joins there. Then the joined 
refrigerant passes through the fourth flow controller 17 
and is depressurized there to take a gas-liquid two 
phase state having low pressure. The refrigerant thus 
depressurized enters the outdoor heat exchanger 3 
through the first main pipe 6 and the sixth check valve 
35 of the heat source device A, and canries out heat 
exchanging to be evaporated and gasified. The refrig- 
erant thus gasified is inspired into the compressor I 
through the four way reversing valve 2 of the heat 
source device A, and the accumulator 4. In this way, 
a circulation cycle is fonmed to carry out room heating. 
In this mode, the switching valves 8 have the second 
ports 8b closed, and the first and the third ports 8a and 
8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 
sure jn it, which necessarily causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant. 

Thirdly, the case wherein room heating is princi- 
pally performed in room cooling and room heating 
concurrent operation will be explained with reference 
to Figure 17. In Figure 17, arrows of dotted line indicate 
the flow of the refrigerant. The compressor I has ca- 
pacity controlled so that a pressure detected by the 
fourth pressure detector 18 achieves a predetennlned 
value. The refrigerant which has been discharged 
from the compressor I, and been a gas having high 
temperature under high pressure passes through the 
four way reversing valve 2, and then reaches the junc- 
tion device E through the fifth check valve 34 and the 
second main pipe 7. The refrigerant flows through the 
gas-liquid separator 12. In addition, the refrigerant 
passes through the first branch joint 10, the three way 
switching valves 8, and the first branch pipes 6b and 
6c in that order, and enters the indoor units B and C 
which are expected to carry out heating. In the indoor 
heat exchangers 5 of the respective indoor units B 
and C, the refrigerant carries out heat exchange with 
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indoor air to be condensed and liquefied, thereby 
heating the rooms. The refrigerant thus condensed 
and liquefied passes through the first flow controllers 
9 of the indoor units B and C, the first controllers 9 of 
the indoor units B and C being almost fully opened un- 
der control based on degree of subcooling at the re- 
frigerant outlets of the corresponding indoor heat ex- 
changers 5. The refrigerant is slighUy depressurized 
by these first flow controllers 9, and flows into the sec- 
ond blanch joint II. After that, a part of the refrigerant 
passes through the second branch pipe 7d of the in- 
door unit D which is expected to carry out cooling, and 
enters the indoor unit D. The refrigerant flows into the 
first flow controller 9 of the indoor unit D, the first flow 
controller 9 being controlled based on degree of su- 
perheat at the refrigerant outlet of the corresponding 
indoor heat exchanger 5. After the refrigerant is de- 
pressurized by this first flow controller 9, It enters the 
indoor heat exchanger 6, and cames out heat ex- 
change to be evaporated and gasified, thereby cool- 
ing the room. Then the refrigerant enters the first main 
pipe 6 through the first branch pipe 6d and the three 
way switching valve 8 which is connected to the in- 
door unit D. 

On the other hand, another part of refirigerant 
passes through the fourth flow controller 17 which is 
controlled so that a difference between a pressure de- 
tected by the first pressure detector 25 and a pressure 
detected by the second pressure detector 26 falls into 
a predetermined range. Then the refrigerant joins with 
the refrigerant which has passed the indoor unit D 
which is expected to carry out cooling. After that, the 
refrigerant thus joined passes through the first main 
pipe 6 having such a larger diameter, and the sixth 
check valve 35 of the heat source device A, and en- 
ters the outdoor exchanger 3 where the refrigerant 
carries out heat exchange to be evaporated and ga- 
sified. The refrigerant thus gasified is inspired into the 
compressor I through the heat source device revers- 
ing valve 2 and the accumulator 4. In this way, a cir- 
culation cycle is formed to carry out the cooling and 
heating concurrent operation wherein heating is prin- 
cipally perfonfned. At this time, the difference between 
the evaporation pressure in the Indoor heat exchang- 
er 5 of the cooling indoor unit D and that of the outdoor 
heat exchanger 3 lessens because of switching to the 
first main pipe 6 having such a greater diameter. At 
that time, the three port switching valves 8 which are 
connected to the heating Indoor units B and C have 
the second ports 8b closed, and the first and third 
ports 8a and 8c opened. The three part switching 
valve 8 which is connected to the cooling indoor unit 
D has the first port 8a closed, and the second port 8b 
and the third port 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 
sure in it, which necessarily causes the fifth check 
valve 34 and the sixth check vah/e 35 to conduct for 



the refirigerant At this circulation cycle, the remaining 
part of the liquefied refrigerant goes into the bypass 
pipe 14 from the confluent portion of the second 
branch Joint II where the second branch pipes 7b, 7c 

5 and 7d join together. The refrigerant which has gone 
into the bypass pipe 14 is depressurized to low pres- 
sure by the third flow controller 15. The refrigerant thus 
depressurized carries out heat exchange with the re- 
frigerant in the second branch pipes 7b, 7c and 7d at 

10 the third heat exchanging portions 16b, 16c and I6d, 
with the refrigerant in the confluent portbn of the sec- 
ond branch pipes 7b, 7c and 7d in the second branch 
joint It at the second heat exchanging portion 16a, and 
at the first heat exchanging portion 19 with the refrig- 

15 erant which flows from the second flow controller 13. 
The refrigerant is evaporated by such heat exchange, 
and enters the first main pipe 6. After that, the refrig- 
erant flows into the sixth check valve 35 and then into 
the outdoor heat exchanger 3 where it performs heat 

20 exchange to be evaporated and gasified. The refrig- 
erant thus gasified Is inspired Into the compressor I 
through the first four way reversing valve 2 and the ac- 
cumulator 4. 

On the other hand, the refrigerant in the second 

25 branch joint 1! which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging, portions t6b, 16c and i6d to obtain 
sufficient subcooling flows into the indoor unit D which 

30 is expected to cool the room. 

Fourthly, the case wherein room cooling Is princi- 
pally performed in room cooling and room heating 
concurrent operation will be described with reference 
to Figure 18. 

35 In Figure 18, arrows of solid lines indicate the flow 

of the refirigerant. The compressor I has capacity con- 
trolled so that a temperature detected by the low pres- 
sure saturation temperature detector 50 achieves a 
predetermined value. The refrigerant which has been 

40 discharged firom the compressor I and been a gas 
having high temperature under high pressure flows 
into the outdoor heat exchanger 3 through the revers- 
ing valve 2, and carries out heat exchange with out- 
door air in the outdoor heat exchanger 3 to take a gas- 

45 liquid two phase state having high temperature under 
high pressure. Then the refrigerant passes through 
the third check valve 32 and the second main pipe 7, 
and is forwarded to the gas-liquid separator 12 in the 
junction device E. The refrigerant is separated into a 

50 gaseous refirigerant and a liquid refrigerant there, and 
the gaseous refrigerant thus separated flows through 
the first branch joint 10, and the three way switching 
valve 8 and the first branch pipe 6d which are connect- 
ed to the Indoor unit D; in that order, the indoor unit D 

55 being expected to heat the room with the indoor unit 
D installed in it The refrigerant flows into the indoor 
unit D, and carries out heat exchange with indoor air 
to be condensed and liquefied, thereby heating the 

29 
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room. In addition, the refrigerant passes through the 
first flow controller 9 connected to the heating indoor 
unit D, this first flow controller 9 being atniost fully 
opened under control based on degree of subcooling 
at the refrigerant outlet of the indoor heat exchanger s 
5 of the heating Indoor unit D. The refrigerant is slight- 
ly depressurized by this first flow controller 9, and 
flows into the second branch joint II. On the other 
hand, the remaining liquid refrigerant enters the sec- 
ond branch joint II through the second flow controller io 
13 which is controlled based on pressures detected by 
the first pressure detector 25 and the second pressure 
detector 26. Then the refrigerant joins there with the 
refrigerant which has passed through the heating in- 
door unit D. The refrigerant thus joined passes 15 
through the second branch joint II. and then the sec- 
ond branch pipes 7b and 7c, respectively, and enters 
the respective indoor units B and C. The refrigerant 
which has flowed into the Indoor units B and C is de- 
pressurized to low pressure by the first flow control- 20 
lers 9 of the indoor units B and C, these first flow con- 
trollers 9 being controlled based on degree of super- 
heat at the refrigerant outlets of the corresponding in- 
door heat exchangers 5. Then the refrigerant flows 
into the indoor heat exchangers 5, and carries out 25 
heat exchange with indoor air to be evaporated and 
gasified, thereby cooling the rooms. In addition, the 
refrigerant thus gasified passes through the first 
branch pipes 6b and 6c, the three way switching 
valves 8, and the first branch joint 10. Then the refrig- 30 
erant is inspired into compressor I through the first 
main pipe 6, the fourth check valve 33, the four way 
reversing valve 2 in the heat source device A, and the 
accumulator 4. In this way, a circulation cycle is 
fonmed to carry out the cooling and heating concurrent 35 
operation wherein cooling is principally perfomied. In 
this mode, the three way switching valves 8 which are 
connected to the indoor units B and C have the first 
ports 8a closed . and the second and third ports 8b and 
8c opened. The three way switching valve 8 which is 40 
connected to the indoor unit D has the second port 8b 
closed, and the first and third ports 8a and 8c opened. 

At that time, the first main pipe 6 is at low pressure 
in it and the second main pipe 7 is a high pressure in 
it, which necessarily causes the third check valve 32 45 
and the fourth check valve 33 to conduct for the refrig- 
erant. 

In this circulation cycle, the liquid refrigerant part- 
ly enters the bypass pipe 14 from the confluent portion 
of the second branch joint II where the second branch so 
pipes 7b. 7c and 7d join together. The liquid refriger- 
ant which has entered into the bypass pipe 14 is de- 
pressurized to low pressure by the third flow controller 
15. The refrigerant thus depressurized carried out heat 
exchange with the refrigerant in the second branch 55 
pipes 7b, 7c and 7d at the third heat exchanging por- 
tions 16b, 16c and I6d, and at the second heat exchang- 
ing portion 16a with the refrigerant in the confluent por- 
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tion of the second branch pipes 7b, 7c and 7d in the 
second branch joint II, and at the first heat exchanging 
portion 19 with the refrigerant which flows Into the sec- 
ond flow controller 13. The refrigerant is evaporated by 
such heat exchange, and enters the first main pipe 6. 
The refrigerant which has entered the first main pipe 
6 is inspired into the compressor I through the fourth 
check valve 33, the four way reversing valve 2 in the 
heat source device A, and the accumulator 4. 

On the other hand, the refrigerant in the second 
branch joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d to obtain 
sufficient subcool flows into the indoor units 8 and C 
which are expected to canry out cooling. 

Next, a control for restraining a transitional raise 
in high pressure in only cooling will be explained, re- 
ferring to Figures 19 and 20. Figure 19 is a block dia- 
gram showing the control according to the fourth em- 
bodiment. Figure 20 is a flowchart showing the control 
according to the fourth embodiment. 

In Figure 19, reference numeral 61 designates a 
first timer which measures a duration that has lapsed 
since the previous control was made, thereby period- 
ically carrying out the valve setting control of the third 
flow controller 15 at a first cyde. The first timer is 
cleared whenever the compressor I starts working or 
the valve setting control of the third fiow controller 15 
is made. Reference numeral 62 designates a bypass 
pipe outlet superheat calculation means which calcu- 
lates degree of superheat at the outlet of the bypass 
pipe based on a pressure detected by the third pres- 
sure detector 27 and a temperature detected by the 
bypass pipe outlet temperature detector 28. Refer- 
ence-numeral 63 designates determination means for 
determining the valve setting of the third flow control- 
ler 15 based on an output from the bypass pipe outlet 
superheat calculation means 62 and a pressure de- 
tected by the first pressure detector 25. Reference nu- 
meral 64 designates a second timer which measures 
an operating duration since the previous control for re- 
sfralning a raise in high pressure was made. The sec- 
ond timer is cleared whenever the compressor 1 starts 
working or the control for restraining a raise in high 
pressure is made. 

A control flow for riestraining a raise in high pres- 
sure will be explained, referring to Figure 20. 

At Step 71, it is determined whether a pressure de- 
tected by the first pressure detector 25 is a predeter- 
mined value or higher. If affimiative, the program pro- 
ceeds to Step 78. If negative, the program proceeds 
to Step 72. 

At Step 78. it is detenmined whether the second 
timer 64 has measured a predetemiined duration B or 
longer. If negative, the program proceeds to Step 72. 
If affirmative, the program proceeds to Step 79. At 
Step 79, the time data in the second timer 64 is 
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cleared, and the program proceeds to Step 76. 

At Step 76, the valve setting of the third flow con- 
troller 15 Is increased by a predetermined value, and 
then the program proceeds to Step 77. 

At Step 72, it is determined whether the first timer 
61 has measured a predetermined duration A or lon- 
ger. If affirmative, the program proceeds to Step 73. 
If negative, the program returns to Step 71. 

At Step 73, it is detennlned whether degree of su- 
perheat at the outlet of the bypass pipe is a predeter- 
mined value or higher. If affimnative, the program pro- 
ceeds to Step 74. If negative, the program proceeds 
to Step 75. 

At Step 74, the valve setting of the third flow con- 
troller 15 Is increased, depending on a duration with re- 
spect to a predetermined value of degree of super- 
heat. Then program proceeds to Step 77. 

At Step 75, the valve setting of the third flow con- 
troller 15 is decreased, depending on the deviation 
with respect to the predetermined value of degree of 
superheat. Then the program proceeds to Step 77. 

At Step 77, the time data in the first timer 61 is 
cleared, and the program returns to Step 71. 

in accordance with the fourth embodiment, when 
the high pressure is transitional raised in only cooling, 
the bypass passage which extends from the second 
main pipe to the first main pipe through the second 
and third flow controllers in the junction device is ex- 
panded by Increasing the valve setting of the third flow 
controller. As a result, pressure loss in passage can 
be decreased to facilitate the flow of the refrigerant, 
thereby lowering the high pressure. 

EMBODIMENT 5: 

Figure 21 is a schematic diagram of the entire 
structure of the fifth embodiment of the air condition- 
ing apparatus according to the present invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 22 to 24 are schematic 
diagram showing the operation states in cooling or 
heating in the fifth embodiment of Figure 21; Figure 22 
being a schematic diagram showing the operation 
states wherein solo cooling or solo heating is per- 
formed; and Figures 23 and 24 being schematic dia- 
grams showing the operation states in cooling and 
heating concun^ent operation. Figure 23 being a sche- 
matic diagram showing the operation state wherein 
heating is principally performed under cooling and 
heating concunrent operation (heating load is greater 
than cooling load), and Figure 24 being a schematic 
diagram showing the operation state wherein cooling 
is principally perfonned under cooling and heating 
concunrent operation (cooling load is greater than 
heating load). 

Although explanation on the embodiment will be 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
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three indoor units, the explanation is also applicable 
to tiie case wherein the outdoor unit Is connected to 
two or more indoor units. 

In Figure 21, reference A designates an outdoor 
5 unit as a heat source device. Reference B, C and D 
designate indoor units which are connected in parallel 
as described later and have the same structure as 
each other. Reference E designates a junction device 
which includes a first branch joint 10, a second fiow 

10 controller 13, a second branch joint II, a gas-liquid sep- 
arator 12, heat exchanging portions 16a, 16b, 16c, I6d 
and 19, a third fiow controller 15, and a fourth flow con- 
troller 17, as described later. 

Reference numeral I designates a compressor. 

15 Reference numeral 2 designates a four port reversing 
valve which can switch the fiow direction of a refriger- 
ant in the heat source device. Reference numeral 3 
designates an outdoor heat exchanger which is instal- 
led on the side of ttie heat source device. Reference 

20 numeral 4 designates an accumulator which Is con- 
nected to the compressor I through the reversing 
valve 2. These members constitute the heat source 
device A Reference numeral 5 designates three in- 
door heat exchangers in the indoor units B, C and D. 

25 Reference numeral 6 designates a first main pipe 
which has a large diameter and which connects the 
four way reversing valve 2 of the heat source device 
A and the junction device E through a fourth check 
valve 33 as stated later. Reference numerals 6b, 6c 

30 and 6d designate first branch pipes which connect the 
junction device E and the indoor heat exchangers 5 of 
the respective indoor units B, C and D, and which cor- 
respond to the first main pipe 6. Reference numeral 7 
designates a second main pipe which has a smaller 

35 diameter tiian tiie first main pipe 6, and which con- 
nects the junction device E and the outdoor heat ex- 
changer 3 of the heat source device A through a third ' 
check valve 32 as stated later. Reference numerals 
7b. 7c and 7d designate second branch pipes which 

40 connect the junction device E and the indoor heat ex- 
changers 5 of the respective indoor units B, C and D 
through first flow controllers 9, and which correspond 
to the second main pipe 7. Reference numeral 8 des- 
ignates three way switching valves which can selec- 
ts lively connect the first branch pipes 6b, 6c and 6d to 
either the first main pipe 6 or the second main pipe 7. 
Reference numeral 9 designates the first flow control- 
lers which are connected to the respective indoor heat 
exchangers 5 in close proximity to the same, which 

50 are controlled based on degree of superheat at refrig- 
erant outlet sides of the respective indoor heat ex- 
changers in cooling and degree of subcooling in heat- 
ing, and which are connected to the second branch 
pipes 7b, 7c and 7d, respectively. Reference numeral 

55 10 designates the first branch joint which includes the 
three way switching valves 8 which can selectively the 
first branch pipes 6b, 6c and 6d to eitiier the first main 
pipe 6 or the second main pipe 7. Reference numeral 

31 
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II designates the second branch joint which includes 
the second branch pipes 7b, 7c and 7d, and the sec- 
ond main pipe 7. Reference numeral 12 designates the 
gas-liquid separator which is arranged in the second 
main pipe 7, and which has a gas phase zone con- 5 
nected to first ports 8a of the respective switching 
valves 8 and a liquid phase zone connected to the 
second branch joint II. Reference numeral 13 designa- 
tes the second flow controller which is connected be- 
tween the gas-liquid separator 12 and the second io 
branch joint II, and which can be selectively opened 
and closed. Reference numeral 14 designates a by- 
pass pipe which connects the second branch joint II to 
the first main pipe 6. Reference numeral 15 designates 
the third flow controller (shown as an electric expan- is 
sion valve) which Is arranged in the bypass pipe 14. 
Reference numeral 16a designates the second heat 
exchanging portion which is arranged in the bypass 
pipe 14 downstream of the third flow controller 15, and 
which carries out heat exchanging with a confluent 20 
portion where the second branch pipes 7b, 7c and 7d 
join in the second branch joint. Reference numerals 
16b, 16c and 16d designate the third heat exchanging 
portions which are arranged in the bypass pipe 14 
downstream of the third flow controller 15. and which 25 
carry out heal exchange with the respective second 
branch pipes 7b, 7c and 7d in the second branch joint 
II. Reference numeral 19 designates the first heat ex- 
changing portion which is arranged In the bypass pipe 
14 downstream of the third flow controller 15 and the 30 
second heat exchanging portion I6a, and which car- 
ries out heat exchanging with the pipe which connects 
between the gas-liquid separator 12 and the second 
flow controller 13. Reference numeral 17 designates 
the fourth flow controller (shown as an electric expan- 35 
sion valve) which is arranged in a pipe between the 
second branch joint II and the first main pipe 6, and 
which can be selectively opened and closed. Refer- 
ence numeral 32 designates the third check valve 
which is arranged between the outdoor heat exchang- 40 
er 3 and the second main pipe 7, and which allows a 
refrigerant only to flow firom the outdoor heat exchang- 
er 3 to the second main pipe 7. Reference numeral 33 
designates the fourth check valve which is arranged 
between the four way reversing valve 2 of the heat 45 
source device A and the first main pipe 6. and which 
allows the refrigerant only to flow from the first main 
pipe 6 to the reversing valve 2. Reference numeral 34 
designates a fifth check valve which is aranged be- 
tween the reversing valve 2 and the second main pipe so 
7, and which allows the refrigerant only to flow from 
the reversing valve 2 to the second main pipe 7. Ref- 
erence numeral 35 designates a sixth check valve 
which is anranged between the outdoor heat exchang- 
er 3 and the first main pipe 6, and which allows the re- 55 
frigerant only to flow from the first main pipe 6 to the 
outdoor heat exchanger 3. These check valves 32-35 
constitute a switching valve arrangement 40. 



Reference numeral 25 designates a first pressure 
detector which is anranged between the first branch 
joint 10 and the second flow controller 13. Reference 
numeral 26 designates a second pressure detector 
which is arranged between the second flow controller 
13 and the fourth flow controller 17. 

Reference numeral 50 designates a low pressure 
saturation temperature detector which is anranged in 
a pipe connecting between the reversing valve 2 and 
the accumulator 4. Reference numeral 18 designates 
a fourth pressure detector which is arranged in a pipe 
connecting between the compressor I and the revers- 
ing valve 2. 

The operation of the fifth embodiment as con- 
structed above will be explained. 

Firstly, the case wherein only room cooling is per- 
formed will be explained with reference to Figure 22. 

In this case, the flow of the refrigerant is indicated 
by anrows of solid line. The compressor I has capacity 
controlled so that a temperature detected by the low 
pressure saturation temperature detector 50 achieves 
a predetermined value. The refrigerant gas which has 
discharged from the compressor I and had high tem- 
perature under high pressure passes through the four 
way reversing valve 2, and is heat exchanged and 
condensed in the outdoor heat exchanger 3. Then, 
the refrigerant passes through the third check valve 
32, the second main pipe 7, the separator 12 and the 
second flow controller 13 in that order. The refrigerant 
further passes through the second branch joint II and 
the second branch pipes 7b, 7c and 7d, and enters the 
indoor units B, C and D. The refrigerant which has en- 
tered the indoor units B, C and D is depressurized to 
low pressure by the first flow controllers 9 which are 
controlled based on degree of superheat at the outlets 
of the respective indoor heat exchanger 5. In the in- 
door heat exchangers 5, the refirigerant thus depres- 
surized carries out heat exchanging with indoor air to 
be evaporated and gasified, thereby cooling the 
rooms. The refrigerant so gasified passes through the 
first branch pipes 6b, 6c and 6d, the three way switch- 
ing valves 8, and the first branch joint 10. Then the re- 
frigerant is inspired into the compressor I through the 
first main pipe 6, the fourth check valve 33, the four 
way reversing valve 2 in the heat source device A. and 
the accumulator 4. In this way, a circulation cycle is 
formed to carry out cooling. At this mode, the three 
way switching valves 8 have the first ports 8a closed, 
and second ports 8b and third ports 8c opened. At the 
time, the first main pipe 6 is at low pressure in it, and 
the second main pipe 7 Is at high pressure in it, which 
necessarily make the third check valve 32 and the 
fourth check valve 33 to conduct for the refrigerant In 
addition, in this mode, the refrigerant, which has 
passed through the second flow controller 13, partly 
enters the bypass pipe 14 where the entered part of the 
refirigerant is depressurized to low pressure by the 
third flow controller 15. The refirigerant thus depressu- 
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rized carries out heat exchanging with the second 
branch pipes 7b, 7c and 7d at the third heat exchang- 
ing portions 16b 16c and I6d, with the confluent portion 
of the second branch pipes 7b, 7c and 7d at the sec- 
ond heat exchanging portion 16a in the second branch s 
joint II, and at the first heat exchanging portion 19 with 
the refrigerant which flows into the second flow con- 
troller 13. The refrigerant is evaporated due to such 
heat exchanging, and enters the first main pipe 6 and 
the fourth check valve 33. Then the refrigerant is in- io 
spired into the compressor I through the first four way 
reversing valve 2 and the accumulator 4. 

On the other hand, the refrigerant, which has heat 
exchanged at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third is 
heat exchanging portions 16b, 16c and I6d, and has 
been cooled so as to get sufficient subcoodng, enters 
the indoor units B, C and D which are expected to car- 
ry out cooling. 

Secondly, the case wherein only heating is per- 20 
fonned will be described with reference Figure 22. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. The compressor I has capacity 
controlled so that a pressure detected by the fourth 
pressure detector 18 achieves a predetermined value. 25 

The refrigerant which has been discharged from 
the compressor I and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, the fifth check valve 34, the 
second main pipe 7, and the gas-liquid separator 12. 30 
Then the refrigerant passes through the first branch 
joint 10, the three way switching valves 8, and the first 
branch pipes 6b, 6c and 6d in that order. Afterthat, the 
refrigerant enters the respective indoor units B, C and 
D where the refrigerant carries out heat exchanging 35 
with indoor air. The refrigerant is condensed to be liq- 
uefied due to such heat exchanging, thereby heating 
the rooms. The refrigerant thus liquefied passes 
through the first flow controllers 9 which are almost 
fully opened, being controlled based on degree of 40 
subcooling at the refrigerant outlets of the respective 
indoor heat exchangers 5. Then the refrigerant enters 
the second branch joint II through the second branch 
pipes 7b, 7c and 7d, and joins there. Then the joined 
refrigerant passes through the fourth flow controller 17 45 
and is depressurized by to take a gas-liquid two phase 
state having low pressure. The refrigerant thus de- 
pressurized enters the outdoor heat exchanger 3 
through the first main pipe 6 and the sbcth check valve 
35 of the heat source device A, and carries out heat so 
exchanging to be evaporated and gasified. The refrig- 
erant thus gasified is inspired into the compressor t 
through the four way reversing valve 2 of the heat 
source device A, and the accumulator 4. In this way, 
a circulation cycle Is fonmed to carry out heating. In $$ 
this mode, the switching valves 8 have the second 
ports 8b dosed, and thefirstand the third ports 8a and 
8c opened. 
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In this mode, the first main pipe 6 is at low pres- 
sure In it, and the second main pipe 7 is at high pres- 
sure in it, which necessarOy causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant. At that time, the second flow controller 
13 is normally of a predetermined minimum setting 
state. 

Thirdly, the case wherein room heating is princi- 
pally performed in room cooling and room heating 
concunrent operation will be explained with reference 
to Figure 23. In Figure 23, arrows of dotted line indi- 
cate the flow of the refrigerant The compressor I has 
capacity controlled so that a pressure detected by the 
fourth pressure detector 18 achieves a predetenmined 
value. The refrigerant which has been discharged 
from the compressor 1. and been a gas having high 
temperature under high pressure passes through the 
four way reversing valve 2, and then reaches the junc- 
tion device E through the fifth check valve 34 and the 
second main pipe 7. The refrigerant flows through the 
gas-liquid separator 12. In addition, the refrigerant 
passes through the first branch joint 10, the three way 
switching valves 8, and the first branch pipes 6b and 
6c in that order, and enters the indoor units B and C 
which are expected to carry out heating. In the indoor 
heat exchangers 5 of the respective indoor units B 
and C, the refrigerant carries out heat exchange with 
indoor air to be condensed and liquefied,, thereby 
heating the rooms. The refrigerant thus condensed 
and liquefied passes through the first flow controllers 
9 of the indoor units B and C, the first controllers 9 of 
the indoor units B and C being almost fully opened un- 
der control based on degree of subcooling at the re- 
frigerant outlets of the oonresponding Indoor heat ex- 
changers 5. The refrigerant is slightly depressurized 
by these first flow controllers 9, and flows into the sec- 
ond blanch joint II. After that, a part of the refrigerant 
passes through the second branch pipe 7d of the in- 
door unit D which Is expected to cany out cooling, and 
enters the indoor unit D. The refrigerant flows into the 
first flow controller 9 of the indoor unit D, the flrstflow 
controller 9 being controlled based on degree of su- 
perheat at the refrigerant outlet of the corresponding 
indoor heat exchanger 5. After the refrigerant is de- 
pressurized by this first flow controller 9, it enters the 
indoor heat exchanger 5, and carries out heat ex- 
change to be evaporated and gasified, thereby cool- 
ing the room. Then the refrigerant enters the first main 
pipe 8 through the first branch pipe 6d and the three 
way switching valve 8 which Is connected to the in- 
door unit D. 

On the other hand, another part of refrigerant 
passes through the fourth flow controller 17 which is 
controlled so that a difference between the pressure 
detected by the flrst pressure detector 25 and the 
pressure detected by the second pressure detector 
26 falls into a predetenmined range. Then the refrig- 
erant joins with the reflrigerant which has passed the 
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indoor unit D which is expected to canv out cooling. 
After that, the refrigerant thus joined passes through 
the first main pipe 6 having such a larger diameter, 
and the sixth check valve 35 of the heat source device 
A, and enters the outdoor exchanger 3 where the re- s 
frigerant carries out heat exchange to be evaporated 
and gasified. The refrigerant thus gasified is inspired 
into the compressor I through the heat source device 
reversing valve 2 and the accumulator 4. In this way, 
a circulation cycle is fomned to carry out the cooling io 
and heating concurrent operation wherein heating is 
principally performed. At this time, the difference be- 
tween the evaporation pressure in the indoor heat ex- 
changer 5 of the cooling indoor unit D and that of the 
outdoor heat exchanger 3 lessens because of switch- 15 
Ing to the first main pipe 6 having such a greater di- 
ameter. At that time, the three port switching valves 8 
which are connected to the heating indoor units B and 
C have the second porte 8b closed, and the first and 
third ports 8a and 8c opened. The three port switching 20 
valve 8 which is connected to the cooling indoor unit 
D has the first port 8a closed, and the second port 8b 
and the third port 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it, and the second main pipe 7 is at high pres- 25 
sure in it, which necessarily causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant At this circulation cyde, the remaining 
part of the liquefied refngerant goes into the bypass 
pipe 14 from the confluent portion of the second 30 
branch joint II where the second branch pipes 7b, 7c 
and 7d join together. The refrigerant which has gone 
into the bypass pipe 14 is depressurized to low pres- 
sure by the third flow controller 15. The refrigerant thus 
depressurized carries out heat exchange with the re- 35 
frigerant in the second branch pipes 7b, 7c and 7d at 
the third heat exchanging portions 16b, 16c and I6d. 
with the refrigerant in the confluent portion of the sec- 
ond branch pipes 7b, 7c and 7d in the second branch 
joint II at the second heat exchanging portion 16a, and 40 
at the first heat exchanging portion 19 with the refrig- 
erant which flows in the second flow controller 13. The 
refrigerant is evaporated by such heat exchange, and 
enters the first main pipe 6. After that, the refrigerant 
flows into the sixth check valve 35 and then into the 45 
outdoor heat exchanger 3 where it perfonms heat ex- 
change to be evaporated and gasified. The refirigerant 
thus gasified Is inspired Into the compressor I through 
the first four way reversing valve 2 and the accumu- 
lator 4. 50 

On the other hand, the refrigerant in the second 
branch joint II which has canned out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d to obtain 55 
sufficient subcooling flows into the indoor unit D which 
is expected to cool the room. At that time, the second 
flow controller 13 is in a predetermined minimum valve 



setting in a normal state. 

Fourthly, the case wherein cooling is principally 
perfomied in cooling and heating concurrent opera- 
tion will be described with reference to Figure 24. 

In Figure 24, anrows of solid lines indicate the flow 
of the refrigerant. The compressor I has capacity con- 
trolled so that a temperature detected by the low pres- 
sure saturation temperature detector 50 achieves a 
predetermined value. The refrigerant which has been 
discharged from the compressor 1 and been a gas 
having high temperature under high pressure flows 
into the outdoor heat exchanger 3 through the revers- 
ing valve 2, and carries out heat exchange in the out- 
door heat exchanger 3 to take a gas-liquid two phase 
state having high temperature under high pressure. 
Then the refrigerant passes through the third check 
valve 32 and the second main pipe 7, and is forwarded 
to the gas-liquid separator 12 in the junction device E. 
The refrigerant is separated into a gaseous refrigerant 
and a liquid refrigerant there, and the gaseous refrig- 
erant thus separated flows through the first branch 
joint 10, and the three way switching valve 8 and the 
first branch pipe 6d which are connected to the indoor 
unit D, in that order, the indoor unit D being expected 
to heat the room with the indoor unit D installed in It. 
The refrigerant flows into the indoor unit D, and carries 
out heat exchange with indoor air to be condensed 
and liquefied, thereby heating the room. In addition, 
the refrigerant passes through the first flow controller 
9 connected to the heating indoor unit D, this firstflow 
controller 9 being almost fully opened under control 
based on degree of subcooling at the refirigerant outlet 
of the indoor heat exchanger 5 of the heating indoor 
unit D. The refirigerant is slightly depressurized by this 
firstflow controller 9, and flows into the second branch 
joint IL On the other hand, the remaining liquid refrig- 
erant enters the second branch joint II through the 
second flow controller 13 which is controlled based on 
pressures detected by the first pressure detector 25 
and the second pressure detector 26. Then the refrig- 
erant joins there with the refrigerant which has passed 
through the heating indoor unit D. The refrigerant thus 
joined passes through the second branch joint 11, and 
then the second branch pipes 7b and 7c, respectively, 
and enters the respective indoor units B and C. The 
refrigerant which has flowed into the indoor units B 
and C is depressurized to low pressure by the first 
flow controllers 9 of the indoor units B and C. these 
first flow controllers 9 being controlled based on de- 
gree of superheat at the refrigerant outlets of the cor- 
responding indoor heat exchangers 5. Then the refrig- 
erant flows into the indoor heat exchangers 5, and 
carries out heat exchange with indoor air to be evapo- 
rated and gasified, thereby cooling the rooms. In ad- 
dition, the refrigerant thus gasified passes through the 
first branch pipes 6b and 6c. the three way switching 
valves 8, and the first branch joint 10. Then the refrig- 
erant is inspired into compressor I through the first 
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main pipe 6, the fourth check valve 33, the four way 
reversing valve 2 in the heat source device A, and the 
accumulator 4. In this way, a circulation cycle is 
formed to carry out the cooling and heating concun-ent 
operation wherein cooling is principally performed. In 5 
this mode, the three way switching valves 8 which are 
connected to the indoor units B and C have the first 
ports 8a closed, and the second and third ports 8b and 
Be opened. The three way switching valve 8 which is 
connected to the indoor unit D has the second port 8b io 
closed, and the first and third ports 8a and 8c opened. 

At that time, the first main pipe 6 is at low pressure 
in it, and the second main pipe 7 is a high pressure in 
It, which necessarily causes the third check valve 32 
and the fourth check valve 33 to conduct for the refirig- is 
erant. 

In this circulation cycle, the liquid refrigerant part- 
ly enters the bypass pipe 14 from the confluent portion 
of the second branch joint ll where the second branch 
pipes 7b, 7c and 7d join together. The liquid refriger- 20 
ant which has entered into the bypass pipe 14 is de- 
pressurized to low pressure by the third flow controller 
15. The refrigerant thus depressurized carried out heat 
exchange with the refrigerant in the second branch 
pipes 7b, 7c and 7d at the third heat exchanging por- 25 
tions 16b, 16c and I6d, and at the second heat exchang- 
ing portion 16a with the refrigerant in the confluent por- 
tion of the second branch pipes 7b, 7c and 7d in the 
second branch joint 11, and at the first heat exchanging 
portion 19 with the refrigerant which flows into the sec- so 
ond flow controller 13. The refrigerant is evaporated by 
such heat exchange, and enters the first main pipe 6. 
The refrigerant which has entered the first main pipe 
6 is inspired into the compressor I through the fourth 
check valve 33, the four way reversing valve 2 in the 35 
heat source device A, and the accumulator 4. 

On the other hand, the refrigerant in the second 
branch joint 11 which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the thrd 40 
heat exchanging portions 16b, 16c and I6d to obtain 
sufficient subcool flows into the indoor units B and C 
which are expected to cany out cooling. 

A control for restraining a transitional raise in high 
pressure according to the fifth embodiment which is 45 
made In only heating, or cooling and heating concur- 
rent operation with heating principally perfomfied 
wherein the second flow controller 13 Is nonmally of the 
predetemnined minimum valve setting state will be ex- 
plained, refening to Figures 25 and 26. Figure 25 is a so 
block diagram showing the control according to the 
fifth embodiment Figure 26 is a flowchart showing the 
control according to the fifth embodiment. 

In Figure 25, reference nunrteral 61 designates a 
first timer which measures a duration that has lapsed 55 
since the previous control was made, thereby period- 
ically carrying out the valve setting control of the sec- 
ond flow controller 13. The first timer is cleared when- 



ever the compressor I starts working or the valve set- 
ting control of the second flow controller 13 is made. 

Reference numeral 62 designates determination 
means for detemiining the valve setting of the second 
flow controller 13 based on a pressure detected by the 
first pressure detector 25 and a signal firom the first 
timer. 

Reference numeral 64 designates a second timer 
which measures how long it has taken since the pre- 
vious control was made. 

The second timer is cleared whenever the com- 
pressor i starts working or the control for restraining 
a raise in high pressure is made. 

A control flow according to the frfth embodiment 
will be explained, referring to Figure 26. At Step 71. it 
Is detenmined whether a pressure detected by the first 
pressure detector 25 is a predetemnined value or 
above. If affirmative, the program proceeds to Step 
78. If negative, the program proceeds to Step 72. 

At Step 78, it is detemnined whether the duration 
measured by the second timer 64 Is a predetermined 
duration B or above. If negative, the program pro- 
ceeds to Step 72. If affirmative, the program proceeds 
to Step 79. 

At Step 79, the time data in the second timer 64 
is cleared, and the program proceeds to Step 76. 

At Step 76, the valve setting of the second flow 
controller 13 is opened by a predetenmined value a, 
and the program proceeds to Step 77. 

At Step 72, it is determined whether the duration 
measured by the first timer 61 is a predetermined dur- 
ation A or above. If affirmative, the program proceeds 
to Step 73. If negative, the program returns to Step 71. 

At Step 73, it is determined whether the valve set- 
ting of the second flow controller 13 is the predeter- 
mined minimum valve setting. If affimnatlve, the pro- 
gram proceeds to Step 77. If negative, the program 
proceeds to Step 74. 

At Step 74. the valve setting of the second flow 
controller 13 is closed by a predetermined value b 
which Is smaller than the predetermined value a at 
Step 76. The program proceeds to Step 77. 

At Step 77. the timer data in the first timer 61 is 
cleared, and the program returns to Step 71. 

In accordance with the fifth embodiment, when 
the high pressure is transitionaliy raised in only heat- 
ing; or cooling and heating concurrent operation with 
heating principally performed, the bypass passage 
which extends from the second main pipe to the first 
main pipe through the second and third flow controir 
lers in the junction device can be expanded by in- 
creasing the valve setting of the second flow control- 
ler. As a result, pressure loss in passage can be de- 
creased to facilitate the flow of the refrigerant, thereby 
lowering the high pressure. 
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EMBODIMENT 6 

A sixth embodiment of the present invention will 
be described. 

Figure 27 is a schematic diagram of the entire 5 
structure of the sixth embodiment of the air condition- 
ing apparatus according to the present invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 28 to 30 are schematic 
diagram showing the operation states in cooling or io 
heating in the sixth embodiment of Figure 27; Figure 
27 being a schematic diagram showing the operation 
states wherein solo operation on cooling or solo op- 
eration on heating is performed; and Figures 29 and 
30 being schematic diagrams showing the operation is 
states In cooling and heating concurrent operation, 
Figure 29 being a schematic diagram showing the op- 
eration state wherein heating is principally performed 
under cooling and heating concurrent operation (total 
heating load is greater than total cooling load), and 20 
Figure 30 being a schematic diagram showing the op- 
eration state wherein cooling is principally perfomied 
under cooling and heating concurrent operation (total 
cooling load is greater than total heating load). 

Although explanation on the embodiment will be 25 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit is connected to 
two or more indoor units. 30 

In Figure 27, reference A designates an outdoor 
unit as a heat source device. Reference B designates 
a first indoor unit, and references C and D designate 
second Indoor units. The Indoor units B, C and D 
which are connected in parallel as described later and 35 
have the same structure as each other in temns of a 
refrigeration cycle. Reference E designates a junction 
device which includes a first branch joint 10, a second 
flow controller 13, a second branch joint 11, a gas-liquid 
separator 12. and first and second exchanging por- 40 
tions 19 and 16a, as described later. 

Reference numeral I designates a compressor. 
Reference numeral 2 designates a four port reversing 
valve which can switch the flow direction of a refriger- 
ant in the heat source device. Reference numeral 3 45 
designates an outdoor heat exchanger which is instal- 
led on the side of the heat source device. Reference 
numeral 4 designates an accumulator which is con- 
nected to the devices 1-3 to constitute the heat source 
device A. Reference numeral 5 designates the indoor so 
heat exchangers of the first and second indoor units 
B. C and D. Reference numeral 6 designates a first 
main pipe which has a large diameter and which con- 
nects the four way reversing valve 2 of the heat source 
device A and the junction device E. Reference numer- ss 
als 6b, 6c and 6d designate first branch pipes which 
connect the junction device E and the indoor heat ex- 
changers 5 of the respective indoor units B, C and D, 
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and which conrespond to the first main pipe 6. Refer- 
ence numeral 7 designates a second main pipe which 
has a smaller diameter than the first main pipe 6, and 
which connects the junction device E and the outdoor 
heat exchanger 3 of the heat source device A. Refer- 
ence numerals 7b, 7c and 7d designate second 
branch pipes which connect the junction device E and 
the indoor heat exchangers 5 of the respective indoor 
units B, C and D, and which correspond to the second 
main pipe 7. Reference numeral 8 designates three 
way switching valves which can selectively connect 
the first branch pipes 6b, 6c and 6d to either the first 
main pipe 6 or the second main pipe 7. Reference nu- 
meral 9 designates the first flow controllers which are 
connected to the respective indoor heat exchangers 

5 In dose proximity to the same, which are controlled 
based on degree of superheat In cooling and on de- 
gree of subcooling in heating at refrigerant outlet 
sides of the respective indoor heat exchangers, and 
which are connected to the second branch pipes 7b, 
7c and 7d, respectively. Reference numeral 10 desig- 
nates the first branch joint which Includes the three 
way switching valves 8 which can selectively the first 
branch pipes 6b, 6c and 6d to either the first main pipe 

6 or the second main pipe 7. Reference numeral II 
designates the second branch joint which includes the 
second branch pipes 7b, 7c and 7d, and the second 
main pipe 7. Reference numeral 12 designates the 
gas-liquid separator which Is arranged in the second 
main pipe 7, and which has a gas phase zone con- 
nected to first ports 8a of the respective switching 
valves 8 and a liquid phase zone connected to the 
second branch joint II. Reference numeral 13 designa- 
tes the second flow controller which Is connected be- 
tween the gas-liquid separator 12 and the second 
branch joint II, and which can be selectively opened 
and closed. Reference numeral 14 designates a by- 
pass pipe which connects the second branch joint II 
to the first main pipe 6. Reference numeral 15 desig- 
nates the third flow controller which is arranged In the 
bypass pipe 14. Reference numerals 16b, i6c and 16d 
designate third heat exchanging portions which are 
arranged in the bypass pipe 14 downstream of the third 
flow controller 15, and which can^ out heat exchange 
with the respective second branch pipes 7b, 7c and 7d 
in the second branch joint II. Reference numeral 16a 
designates the second heat exchanging portion which 
is anranged in the bypass pipe 14 downstream of the 
third flow controller 15 and the third heat exchanging 
portions 16b, 16c and I6d, and which canries out heat 
exchanging with the confluent portion where the sec- 
ond branch pipes 7b. 7c and 7d join in the second 
branch joint Reference numeral 19 designates the 
first heat exchanging portion which is arranged In the 
bypass pipe 14 downstream of the third flow controller 
15 and the second heat exchanging portion 16a, and 
which carries out heat exchanging with a pipe which 
connects between the gas-liquid separator 12 and the 
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second flow controller 13. Reference numeral 17 des- 
ignates the fourth flow controller which is arranged in 
a pipe between the second branch joint II and the first 
main pipe 6. and which can be selectively opened and 
closed. Reference numeral 32 designates a third 5 
check valve which is an-anged between the outdoor 
heat exchanger 3 and the second main pipe 7, and 
which allows a refrigerant only to flow from the out- 
door heat exchanger 3 to the second main pipe 7. Ref- 
erence numeral 33 designates a fourth check valve io 
which is arranged between the four way reversing 
valve 2 of the heat source device A and the first main 
pipe 6, and which allows the refrigerant only to flow 
from the first main pipe 6 to the reversing valve 2. Ref- 
erence numeral 34 designates a fifth check valve is 
which Is arranged between the reversing valve 2 and 
the second main pipe 7, and which allows the refrig- 
erant only to flow from the reversing valve 2 to the sec- 
ond main pipe 7. Reference numeral 35 designates a 
sixth check valve which is arranged between the out- 20 
door heat exchanger 3 and the first main pipe 6, and 
which allows the refrigerant only to flow from the first 
main pipe 6 to the outdoor heat exchanger 3. These 
check valves 32-35 constitute a switching valve ar- 
rangement 40. 25 

Reference numeral 41 designates a liquid purging 
pipe which has one end connected to the gas-liquid 
separator 12 and the other end connected to the first 
main pipe 6. Reference numeral 42 designates a fifth 
flow controller which is anranged in the liquid purging 30 
pipe 41 between the gas liquid separator 12 and the first 
main pipe 6. Reference numeral 43 designates a 
fourth heat exchanging portion which is arranged in 
the liquid purging pipe 41 downstream of the fifth flow 
controller 42, and which carries out heat exchange 35 
with a pipe connecting between the gas-liquid sepa- 
rator 12 and the first branch joint 10. 

Reference numeral 23 designates a first temper- 
ature detector which is attached to the pipe connect- 
ing between the second flow controller 13 and the first 40 
heat exchanging portion 19. Reference numeral 25 
designates a first pressure detector which Is attached 
to the same pipe as the first temperature detector 23. 
Reference numeral 26 designates a second pressure 
detector which is attached to the pipe connecting the 45 
second flow controller 13 and the second branch joint 
II. Reference numeral 52 designates a third pressure 
detector which is attached to the pipe connecting be- 
tween the first main pipe 6 and the first branch joint 10. 
Reference numeral 51 designates a second tempera- so 
ture detector which is attached to the liquid purging 
pipe 41 at a refrigerant outlet of the fourth heat ex- 
changing portion 43. Reference numeral 53 designa- 
tes a third temperature detector which is attached to 
the bypass pipe 14 at a refrigerant outlet of the first 55 
heat exchanging portion 19. 

The first indoor unit B can be constructed so that, 
for e.g. aiming at ventilating, outdoor air is introduced, 
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and be caused to pass through the indoor heat ex- 
changer 5 of the first indoor unit B, and then the air as 
primary air is supplied to the indoor heat exchangers 
5 of the second indoor units C and D. 

Reference numeral 36 designates a fan for intro- 
ducing the outdoor air, which Introduces the outdoor 
air, causes the outdoor air to pass through the indoor 
heat exchanger 5 of the first Indoor unit B, and sup- 
plies the air to the second indoor units C and D. Ref- 
erence numeral 37 designates fans which are ar- 
ranged In the second indoor units C and D, and which 
introduces the indoor air, and causes the indoor air to 
pass through the indoor heat exchangers 5 of the sec- 
ond indoor units C and D to circulate the indoor air. 
Reference numeral 38 designates an air path which 
Is arranged to supply the second indoor units C and 
D with the air that has passed through the Indoor heat 
exchanger 5 of the first indoor unit B. 

The flow of the outdoor air which is introduced 
into the first Indoor unit B is indicated by a white anrow 
of a chain line. The flow of the air which is supplied 
from the first Indoor unit B to the second Indoor units 
C and D is indicated by white arrows of solid lines. The 
flow of the indoor air which is introduced into the sec- 
ond indoor units C and D Is Indicated by black arrows. 
The flow of the air which Is supplied Indoors from the 
second indoor units C and D is Indicated by white ar- 
rows of broken lines. 

The operation of the sixth embodiment as con- 
structed above will be explained. 

Firstly, the case wherein only cooling is per- 
formed will be explained with reference to Figure 28. 

In this case, the flow of the refrigerant is indicated 
by arrows of solid line. The refrigerant gas which has 
discharged from the compressor I and had high tem- 
perature under high pressure passes through the four 
way reversing valve 2, and is heat exchanged and 
condensed in the outdoor heat exchanger 3. Then, 
the refrigerant passes through the third check valve 
32, the second main pipe 7, the separator 12 and the 
second flow controller 13 in that order. The refrigerant 
further passes through the second branch joint II and 
the second branch pipes 7b, 7c and 7d, and enters the 
Indoor units B, C and D. The refrigerant which has en- 
tered the indoor units B, C and D is depressurlzed to 
low pressure by the first flow controllers 9 which are 
controlled based on degree of superheat at the outlets 
of the respective Indoor heat exchanger 5. In the in- 
door heat exchangers 5, the refirigerant thus depres- 
surlzed carries out heat exchanging with air to be 
evaporated and gasified, thereby cooling the rooms. 
The refrigerant so gasified passes through the first 
branch pipes 6b, 6c and 6d, the three way switching 
valves 8, and the first branch joint 10. Then the refrig- 
erant is inspired into the compressor I through the first 
main pipe 6, the fourth check valve 33, the four way 
reversing valve 2, and the accumulator 4. In this way, 
a circulation cycle is fonmed to carry out cooling. At 
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this mode, the three way switching valves 8 have the 
first ports 8a closed, and second ports 8b and third 
ports 8c opened. At the time, the first main pipe 6 is 
at low pressure in it, and the second main pipe 7 is at 
high pressure in it, which necessarily make the third s 
check valve 32 and the fourth check valve 33 to con- 
duct for the refrigerant. In addition, in this mode, the 
refrigerant, which has passed through the second flow 
controller 13, partly enters the bypass pipe 14 where 
the entered part of the refrigerant is depressurized to io 
low pressure by the third flow controller 15. The refrig- 
erant thus depressurized carries out heat exchanging 
with the second branch pipes 7b, 7c and 7d atthe third 
heat exchanging portions 16b 16c and I6d, with the con- 
fluent portion of the second branch pipes 7b, 7c and is 
7d at the second heat exchanging portton 16a in the 
second branch joint 11, and at the first heat exchanging 
portion 19 with the refrigerant which enters the second 
flow controller 13. The refrigerant is evaporated due to 
such heat exchanging, and enters the first main pipe 20 
6 and the fourth check valve 33. Then the refrigerant 
is inspired into the compressor I through the first four 
way reversing valve 2 and the accumulator 4. 

On the other hand, the refrigerant, which has heat 
exchanged at the first heat exchanging portion 19, the 25 
second heat exchanging portion 16a, and the third 
heat exchanging portions I6b, 16c and I6d, and has 
been cooled so as to get sufficient subcooling, enters 
the indoor units B, C and D which are expected to car- 
ry out cooling. 30 

In cooling, when the amount of the refrigerant 
which is sealed in the air conditioning apparatus is not 
enough to fill the second main pipe 7 with a liquid re- 
frigerant having high pressure, the refrigerant which 
has been condensed in the outdoor heat exchanger 35 
3 and has a two phase state under high pressure 
passes through the second main pipe 7 and the gas- 
liquid separator 12. Then the two phase refrigerant car- 
ries out heat exchange, at the first heat exchanging 
portion 19, at the second heat exchanging portion 16a, 40 
and at the third heat exchanging portions 16b, 16c and 
I6d. with the refrigerant which has been depressu- 
rized to low pressure by the third flow controller 15 and 
flows through the bypass pipe. The refrigerant which 
has left the gas-liquid separator 12 is liquefied and 45 
cooled due to such heat exchange to obtain sufficient 
supercooling, and flows into the first and second in- 
door units B, C and D which are expected to canry out 
cooling. 

Secondly, the case wherein only heating is per- so 
formed will be described with reference Figure 28. In 
this case, the flow of the refrigerant is indicated by ar- 
rows of dotted line. 

The refrigerant which has been discharged from 
the compressor I and been a gas having high temper- 55 
ature under high pressure passes through the four 
way reversing valve 2. the fifth check valve 34, the 
second main pipe 7, and the gas-liquid separator 12. 



Then the refrigerant passes through the first branch 
joint 10, the three way switching valves 8, and the first 
branch pipes 6b, 6c and 6d in that order. After that, the 
refrigerant enters the first and second indoor units B, 
C and D where the refrigerant canies out heat ex- 
changing with Indoor air. The refrigerant is condensed 
to be liquefied due to such heat exchanging, thereby 
heating the rooms. The refrigerant thus liquefied 
passes through the first flow controllers 9 which are 
controlled based on degree of subcooling at the refrig- 
erant outlets of the respective indoor heat exchangers 
5. Then the refrigerant enters the second branch joint 
II through the second branch pipes 7b, 7c and 7d, and 
joins there. Then the joined refrigerant passes 
through the fourth flow controller 17. The refrigerant is 
depressurized by either the first flow controllers 9 or 
the fourth flow controller 17 to take a two phase state 
having low pressure. The refrigerant thus depressu- 
rized enters the outdoor heat exchanger 3 through the 
first main pipe 6 and the sixth check valve 35, and car- 
ries out heat exchanging to be evaporated and gasi- 
fied. The refrigerant thus gasified Is Inspired into the 
compressor 1 through the four way reversing valve 2, 
and the accumulator 4. In this way, a circulation cycle 
is formed to carry out room heating. In this mode, the 
switching valves 8 have the second ports 8b closed, 
and the first and the third ports 8a and 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure In It, and the second main pipe 7 is at high pres- 
sure in it, which necessarOy causes the fifth check 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant. 

Thirdly, the case wherein heating is principally 
performed in cooling and heating concurrent opera- 
tion will be explained with reference to Figure 29. 

Explanation will be made for the case wherein the 
first indoor unit B and the second indoor unit C are ex- 
pected to carry out heating, and the second indoor 
unit D is expecting to carry out cooling. In Figure 29. 
arrows of dotted line indicate the flow of the refriger- 
ant. The refrigerant which has been discharged from 
the compressor 1, and been a gas having high temper- 
ature under high pressure passes through the four 
way reversing valve 2, and then reaches the junction 
device E through the frfth check valve 34 and the sec- 
ond main pipe 7. The refrigerant flows through the 
gas-lkiuld separator 12. In addition, the refrigerant 
passes through the first branch joint 10, the three way 
switching valves 8 connected to the first and second 
indoor units B and C, and the first branch pipes 6b and 
6c in that order, and enters the indoor units B and C 
which are expected to can^ out heating. The refriger- 
ant which has flowed into the heating indoor units B 
and C canries out heat exchange with air in the conre- 
sponding indoor heat exchangers to be condensed 
and liquefied, thereby heating the room(s(. The refrig- 
erant thus liquefied passes through the first flow con- 
trollers 9 of the indoor units B and C, the first control- 
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lers 9 of the indoor units B and C being almost fully 
opened under control based on degree of subcooling 
at the refrigerant outlets of the conresponding indoor 
heat exchangers 5. The refrigerant Is slightly depres- 
surized by these first flow controllers 9 to have a pres- s 
sure (medium pressure) intenmediate between high 
pressure and low pressure, and flows into the second 
blanch joint II through the second branch pipes 7b and 
7c. After that, a part of the refrigerant passes through 
the second branch pipe 7d of the second indoor unit io 
D which is expected to canry out cooling, and enters 
the indoor unit D. The refrigerant flows into the first 
flow controller 9 of the indoor unit D, the first flow con- 
troller 9 being controlled based on degree of super- 
heat at the refrigerant outlet of the corresponding in- is 
door heat exchanger 5. After the refrigerant is depres- 
surized by this first flow controller 9, it enters the in- 
door heat exchanger 5, and carries out heat exchange 
to be evaporated and gasified, thereby cooling the 
room. Then the refrigerant enters the first main pipe 20 
6 through the three way switching valve 8 which is 
connected to the Indoor unit D. 

On the other hand, another part of the refrigerant 
passes through the second branch joint II, and 
through the fourth flow controller 17 which is controlled 25 
so that a difference between the high pressure in the 
second main pipe 7 and the medium pressure in the 
second branch joint II falls into a predetermined range. 
Then the refrigerant joins with the refrigerant which 
has passed the indoor unit D which is expected to car- 30 
ry out cooling. After that the refrigerant thus joined 
passes through the first main pipe 8 having such a 
larger diameter, and the sixth check valve 35, and en- 
ters the outdoor exchanger 3 where the refrigerant 
carries out heat exchange to be evaporated and ga- 3S 
sffled. The refrigerant thus gasified is inspired into the 
compressor I through the reversing valve 2 and the ac- 
cumulator 4. In this way, a circulation cycle is fomned 
to carry out the cooling and heating concurrent oper- 
atbn wherein heating is principally performed. At this 40 
time, the difference between the evaporation pres- 
sure in the indoor heat exchanger 5 of the cooling sec- 
ond indoor unit D and that of the outdoor heat ex- 
changer 3 lessens because of switching to the first 
main pipe 6 having such a greater diameter. At that 45 
time, the three port switching valves 8 which are con- 
nected to the heating indoor units B and C have the 
second ports 8b closed, and the first and third ports 
8a and 8c opened. The three port switching valve 8 
which is connected to the cooling indoor unit D has the so 
first port 8a closed, and the second port 8b and the 
third port 8c opened. 

In this mode, the first main pipe 6 is at low pres- 
sure in it and the second main pipe 7 Is at high pres- 
sure in it which necessarily causes the fifth check 55 
valve 34 and the sixth check valve 35 to conduct for 
the refrigerant At this circulation cycle, the remaining 
part of the liquefied refrigerant goes into the bypass 



pipe 14 from the confluent portion where the second 
branch pipes 7b and 7c join together. The refrigerant 
which has gone into the bypass pipe 14 is depressu- 
rized to low pressure by the third flow controller 15. 
The refrigerant thus depressurized carries out heat 
exchange with the refirigerant in the confluent portion 
of the second branch pipes 7b and 7c in the second 
branch joint II at the second heat exchanging portion 
18a, and at the first heat exchang Ing portion 19 with the 
refrigerant which flows into the second flow controller 
13. The refrigerant is evaporated by such heat ex- 
change, and enters the first main pipe 6. After that, the 
refrigerant flows Into the sixth check valve 35 and then 
into the outdoor heat exchanger 3 where it perfonms 
heat exchange to be evaporated and gasified. The re- 
frigerant thus gasified is inspired into the compressor 
I through the four way reversing valve 2 and the ac- 
cumulator 4. 

On the other hand, the refrigerant in the second 
branch Joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d to obtain 
sufficient subcooling flows into the cooling indoor unit 
D. 

Fourthly, the case wherein cooling is principally 
perfomned in cooling and heating concunrent opera- 
tion will be described with reference to Figure 30. Ex- 
planation will be made for the case wherein the first 
indoor unit B and the second indoor unit C are expect- 
ed to carry out heating, and the second indoor unit D 
is expecting to carry out cooling, and wherein the sec- 
ond indoor unit D has greater cooling load than the to- 
tal heating load of the first and second indoor units B 
and 0. 

In Figure 30, anrows of solid lines indicate the flow 
of the refrigerant. The refrigerant which has been dis- 
charged from the compressor I and been a gas having 
high temperature under high pressure flows into the 
outdoor heat exchanger 3 through the reversing valve 
2, and carries out heat exchange at an arbitrary 
annount in the outdoor heat exchanger 3 to take a gas- 
liquid two phase state having high temperature under 
high pressure. Then the refrigerant passes through 
the third check valve 32 and the second main pipe 7, 
and is fonn^arded to the gas-liquid separator 12 in the 
junction device E. The refrigerant is separated Into a 
gaseous refrigerant and a liquid refrigerant there, and 
the gaseous refrigerant thus separated flows through 
the first branch joint 10, and the three way switching 
valve 8 and the first branch pipes 6b and 6c which are 
connected to the indoor units B and C, in that order, 
the indoor units B and C being expected to carry out 
heating. The refrigerant flows into the indoor units B 
and C. and cames out heat exchange with air to be 
condensed and liquefied, thereby heating the rooms. 
In addition, the refiigerant passes through the first 
flow controllers 9 connected to the heating indoor 
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units, this first flow controller 9 being almost fully 
opened under control based on degree of subcooling 
at the refrigerant outlets of the Indoor heat exchanger 
5 of the heating indoor units B and C. The refrigerant 
Is slightly depressurized by this first flow controllers 9 s 
to have a pressure (medium pressure) intennediate 
between high pressure and low pressure, and flows 
into the second branch joint II. On the other hand, the 
remaining liquid refrigerant enters the second branch 
joint II through the second flow controller 13 which is io 
controlled so that a difference between the high pres- 
sure and the medium pressure Is kept constant. Then 
the refrigerant joins there with the refrigerant which 
has passed through the heating indoor units B and C. 
The refrigerant thus joined passes through the second is 
branch joint II, and then the second branch pipe 7d, 
and enters the indoor unit D, The refrigerant which 
has flowed into the indoor unit D is depressurized to 
low pressure by the first flow controller 9 of the indoor 
unitD, the first flow controller 9 being controlled based 20 
on degree of superheat at the refrigerant outlet of the 
corresponding Indoor heat exchanger 5. Then the re- 
frigerant flows into the indoor heat exchanger 5, and 
carries out heat exchange with indoor air to be evapo- 
rated and gasified, thereby cooling the room. In addi- 25 
tion, the refrigerant thus gasified passes through the 
first branch pipe 6d, the three way switching valve 8 
connected to the indoor unit D, and the first branch 
joint 10. Then the refrigerant is inspired into compres- 
sor I through the first main pipe 6, the fourth check 30 
valve 33, the four way reversing valve 2, and the ac- 
cumulator 4. In this way, a circulation cycle is formed 
to carry out the cooling and heating concurrent oper- 
ation wherein cooling is principally performed. In this 
mode, the three way switching valve 8 which is con- 3S 
nected to the indoor unit D has the first port 8a closed, 
and the second and third ports 8b and 8c opened. The 
thi'ee way switching valves 8 which are connected to 
the indoor units B and C have the second ports 8b 
closed, and the first and third ports 8a and 8c opened. 40 

At that time, the first main pipe 6 is at low pressure 
in it, and the second main pipe 7 Is a high pressure in 
it, which necessarily causes the third check valve 32 
and the fourth check valve 33 to conduct for the refrig- 
erant. 45 

In this circulation cycle, the liquid refrigerant part- 
ly enters the bypass pipe 14 from the confluent portion 
where the second branch pipes 7b and 7c join togeth- 
er. The liquid refrigerant which has entered into the 
bypass pipe 14 is depressurized to low pressure by the so 
third flow controller 15. The refrigerant thus depressu- 
rized carries out heat exchange at the second heat ex- 
changing portion 16a with the refrigerant in the conflu- 
ent portion of the second branch pipes 7b and 7c in 
the second branch joint II, and at the first heat ex- 55 
changing portion 19 with the refrigerant which flows 
Into the second flow controller 13. The refrigerant is 
evaporated by such heat exchange, and enters the 



first main pipe 6. The refrigerant which has entered 
the first main pipe 6 is Inspired into the compressor 1 
through the fourth check valve 33, the four way re- 
versing valve 2, and the accumulator 4. 

On the other hand, the refrigerant in the second 
branch joint II which has carried out heat exchange 
and cooled at the first heat exchanging portion 19, the 
second heat exchanging portion 16a, and the third 
heat exchanging portions 16b, 16c and I6d to obtain 
sufficient subcool fiows into the indoor unit D which is 
expected to cany out cooling. 

When the liquid level at which the gaseous refiig- 
erant and the liquid refrigerant separated in the gas- 
liquid separator 12 are divided is located below the liq- 
uid purging pipe 41 in the gas-liquid separator 12, the 
gaseous refrigerant fiows into the liquid purging pipe 
41, and is depressurized to low pressure by the fifth 
flow controller 42. At that time, the amount of the re- 
frigerant which flows through the fifth flow controller 
42 is small because the refrigerant is in the form of gas 
at the inlet of the flfth flow controller 42. The refriger- 
ant which flows through the liquid purging pipe 41 car- 
ries out heat exchange, at the fourth heat exchanging 
portion 43, with the gaseous refrigerant which is under 
high pressure and which is going to flow from the gas- 
liquid separator 12 into the first branch joint 10. The re- 
frigerant in the liquid purging pipe 41 becomes a super- 
heated gas having low pressure due to such heat ex- 
change, and flows into the first main pipe 6. 

Conversely, when the liquid level at which the 
gaseous refrigerant and the liquid refrigerant separat- 
ed by the gas-liquid separator 12 are divided is located 
above the liquid purging pipe 41 in the gas-liquid sep- 
arator 12, the liquid refrigerant flows into the liquid 
purging pipe 41, and is depressurized to low pressure 
by th& fifth flow controller 42. Because the refrigerant 
is in the fonn of liquid at the inlet of the fifth flow con- 
troller 42, the amount of the refrigerant which flows 
through the fifth flow controller 42 is greater in com- 
parison with the case wherein the refrigerant is in the 
form of gas at the inlet of the fifth flow controller. As a 
result, even If the refrigerant which flows through the 
liquid purging pipe 41 carries out heat exchange, at the 
fourth heat exchanging portion 43. with the gaseous 
refrigerant which is under high pressure and which is 
going to flow from the gas-liquid separator 12 into the 
first branch joint 10. the refrigerant In the liquid purging 
pipe 41 does not become a superheated gas having 
low pressure. The refirigerant flows into the first main 
pipe 6, maintaining a two phase state. 

An operatk)n of the first indoor unit B will be ex- 
plained, refenring to Figure 31. At Step 90. it is deter- 
mined whether either the second indoor unit C or the 
second indoor unitD is can7ingout heating. If affinma- 
tive, the program proceeds to Step 93 where the first 
indoor unit B carries out heating. If none of the second 
indoor units C and D carry out heating, the program 
proceeds to Step 91. 
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At Step 91, it is determined wliether either the sec- 
ond indoor unit C or the second indoor unit D canries 
out cooling. If affirmative, the program proceeds to 
Step 94 where the first indoor unit B canries out cool- 
ing. If none of the second indoor units C and D canry s 
out cooling, the program proceeds to Step 92. 

At Step 92. it is determined whether either the 
second indoor unit C or the second indoor unit D car- 
ries out ventilating. If affirmative, the program pro- 
ceeds to Step 95 where the first indoor unit B cames io 
out ventilation. If none of the second indoor units C or 
D carry out ventilation, the program proceeds to Step 
96 where the first indoor unit B is stopped. 

As explained, the first indoor unit B can work or 
stop in association with the operation or the stoppage is 
of tiie second indoor units C and D. If at least one of 
the second indoor units C and D carries out heating, 
the first indoor unit B carries out heating, outdoor air 
which has been introduced into the first Indoor unit B 
is heated to e.g. about a room temperature by the In- 20 
door heat exchanger 5 of the first indoor unit B, and 
the heated air is supplied to the second indoor units 
C and D. In that manner, introduction of the air which 
has been heated by the first indoor unit B can sup- 
press an increase in the total heatinjg load of the sec- 25 
ond indoor units C and D. Even if the second Indoor 
unit C carries out heating and the second indoor unit 
D cames out cooling, outdoor air for which heating 
load is required can be heated to about a room tem- 
perature by the first indoor unit B to suppress an in- 30 
crease in the cooling load of the cooling indoor unit D. 

If neither the second indoor unit C nor the second 
indoor unit D carries out heating and one of them car- 
ries out cooling, the first indoor unit B canries out cool- 
ing. Outdoor air which has been introduced into the 35 
first indoor unit B is cooled at the indoor heat exchang- 
er 5 of the first indoor unit B, and is supplied to the sec- 
ond indoor units C and D. In that case, introduction of 
the air which has been cooled by the first indoor unit 
B can suppress an Increase in the total cooling load 40 
of the second indoor units C and D. 

If neither the second indoor unit C nor the second 
Indoor unit D carries out heating or cooling, and one 
of them carries out ventilation, the first indoor unit B 
carries out ventilation to introduce outdoor air. 45 

In accordance with the sixth embodiment, when 
at least one of the second indoor units carries out 
heating, the first indoor unit carries out heating to heat 
outdoor air at the indoor heat exchanger of the first in- 
door unit, and the heated air is supplied to the second so 
indoor units. When none of the second indoor units 
carries out heating, and at least one of them carries 
out cooling, the first indoor unit carries out cooling, 
and the air which has been cooled by tiie indoor heat 
exchanger at tiie first indoor unit is supplied to the in- 55 
door heat exchanger of the second indoor units. 

If none of the indoor units carry out heating or 
cooling, and at least of them carries out ventilation, 



the first indoor unit carries out ventilation. 

As explained, the first indoor unit is operated or 
stopped in association with the operation or stoppage 
of the second indoor units, outdoor air is introduced 
in association with the operation or the stoppage of 
the second indoor units to carry out ventilation, and a 
sufficient amount of ventilated air can be obtained. 

If at least one of the second indoor units canries 
out heating, the first indoor unit carries out heating. If 
none of the second indoor units carry out heating, and 
at least one of them carries out cooling, the first indoor 
unit canries out cooling. If none of the second indoor 
units carry out heating or cooling, and at least one of 
them cam'es out ventilation, the first indoor unit car- 
ries out ventilation. As a result, outdoor air can be pre- 
viously heated or cooled by the first indoor unit to sup- 
press an increase in heating load or cooling load by 
Introduction of the outdoor air, thereby realizing a sta- 
ble operation with outdooirair introduced. 

EMBODIMENT 7: 

A seventh embodiment of the present Invention 
will be described. 

Figure 32 is a schematic diagram of the entire 
structure of ttie seventh embodiment of the air condi- 
tioning apparatus according to the present invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 33 to 35 are schematic 
diagrams showing the operation states in cooling or 
heating In the seventh embodiment of Figure 32, Fig- 
ure 33 being a schematic diagram showing the oper- 
ation states wherein solo cooling or solo heating is 
perfbnned; and Figures 34 and 35 being schematic di- 
agrams showing the operation states in cooling and 
heating concunrent operation, Figure 34 being a sche- 
matic diagram showing the operation state wherein 
heating is principally performed under cooling and 
heating concurrent operation (total heating load is 
greater than total cooling load), and Figure 35 being 
a schematic diagram showing the operation state 
wherein cooling Is principally perfomned undercooling 
and heating concurrent operation (total cooling load is 
greater than total heating load). 

Although explanation on the embodiment will be 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit is connected to 
two or more indoor units. 

In Figures 32-35, references A-D, and reference 
numerals 1-43, and 51-53 indicate the same parts as 
the parts of the conventional apparatus, which offer 
similar effects. 

Reference numeral 49 designates a heat source 
device bypass pipe which extends from the junction of 
the heat source device switching valve arrangement 
40 and the second main pipe 7 to the junction of tiie 
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heat source device switching valve arrangement 40 
and the first nnain pipe 6. Reference numeral 48 des- 
ignates a sixth electromagnetic on off valve which is 
arranged in the heat source device bypass pipe 49 to 
make an on off control of the heat source device by- s 
pass pipe 49. Reference numeral 54 designates a 
fourth temperature detector which is attached to a 
pipe connecting between the compressor i and the 
four port reversing valve 2. Reference numeral 55 
designates a fourth pressure detector which is attach- io 
ed to the pipe as the fourth temperature detector 54 
is attached to. 

A control of the sixth electromagnetic on off valve 
48 in cooling according to the seventh embodiment 
will be explained. In Figure 33, when a discharge is 
pressure of the compressor I Is transitionally raised to 
be beyond a preset first value, the sixth electromag- 
netic on. off valve 48 is opened. A high pressure liquid 
refrigerant which is flowing through the second main 
pipe 7 flows into the first main pipe 6 on a low pressure 20 
side through the bypass pipe 49 and the sixth electro- 
magnetic on off valve 48 in it. Then the liquid refriger- 
ant is Inspired into the compressor I through the fourth 
check valve 33, the four port reversing valve 2 and the 
accumulator 4. Such an arrangement can bypass the 25 
refrigerant from a high pressure side to the low pres- 
sure side to lower the high pressure, thereby decreas- 
ing the discharge pressure of the compressor I. Al- 
though the explanation of the control for the sixth elec- 
tromagnetic on off valve 48 has been made for the 30 
case of cooling, the cooling and heating concunrent 
operation wherein cooling is principally performed as 
shown in Figure 35 can also have similar operation 
and advantages. 

A control for the sixth electromagnetic on off valve 35 
48 in heating according to the seventh embodiment 
will be explained. In Figure 33, when the discharge 
pressure of the compressor I is transitionally raised to 
be beyond the preset first value, the sixth electromag- 
netic on off valve 48 is opened . A high pressure refrig- 40 
erant which is flowing through the second main pipe 
7 flows into the first main pipe 6 on the low pressure 
side through the bypass pipe 49 and the sixth electro- 
magnetic on off valve 48 in it. The refrigerant Is in- 
spired into the compressor I through the sixth check 45 
valve 35, the outdoor heat exchanger 3, the four port 
reversing valve 2 and the accumulator 4. Such an ar- 
rangement can bypass the refrigerant from the high 
pressure side to the low pressure side to lower the 
high pressure, thereby decreasing the discharge so 
pressure of the compressor I. 

Although the explanation of the control for the 
sixth electromagnetic on off valve 48 has been made 
for the case of heating, the cooling and heating con- 
cunrent operation wherein heating is principally per- ss 
formed as shown in Figure 34 can also have similar 
operation and advantages. 

Now, the seventh embodiment will be described 
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in more detail, referring to Figures 36, 37 and 38. 

Figure 38 is a schematic diagram showing the 
control for the sixth electromagnetic on off valve 48 
according to the seventh embodiment. The fourth 
pressure detector 55 detects a discharge pressure of 
the compressor I. A comparison unit 56 compares the 
pressure detected by the fourth pressure detector 55 
with the presetfirst value. A control unit 57 determines 
whether the sixth electromagnetic on off valve 48 
should be opened or closed. 

Figure 37 is a circuit diagram showing the electri- 
cal connection according to the seventh embodiment 
Reference numeral 60 designates a microcomputer 
which is arranged in a control device 59, and which In- 
cludes a CPU 61, a memory 62, an input circuit 63 and 
an output circuit 64. Reference numerals 65 and 66 
designate resistors which are connected in series with 
the fourth temperature detector 54 and the fourth 
pressure detector 55, respectively. The resistors have 
outputs given to the input circuit 63. A transistor 72 
which controls the on off operation of the sixth elec- 
tromagnetic on off valve 48 is connected to the output 
circuit 64 through a resistor 77. 

Figure 38 is a flowchart showing the on off control 
program for the sixth electromagnetic on off valve 
which is stored in the memory 62 of the microcomput- 
er 60. At Step 90, it is determined whether a pressure 
detected by thefourth pressure detector is higher than 
the preset first value or not. If affirmative, the program 
proceeds to Step 91. If negative, the program pro- 
ceeds to Step 94. At Step 91. the sixth electromagnetic 
on off valve 48 is opened. At Step 92 which is the next 
one of Step 91, it is determined whether the pressure 
detected by thefourth pressure detector is lower than 
a preset second value or not. If affinmative, the pro- 
gramproceeds to Step 93. If negative, the program re- 
tums to Step 91. At Step 93, the sixth electromagnetic 
on off valve 48 is closed. At Step 94, the sixth elec- 
tromagnetic on off valve is closed. 

In accordance with the seventh embodiment, 
when the discharge pressure of the compressor is be- 
yond the present first value during operation of the 
compressor in cooling, heating, or cooling and heat- 
ing concurrent operation, the sixth electromagnetic on 
off valve is opened. 

As a result, the refrigerant can be bypassed from 
the high pressure side to the low pressure side to low- 
er the high pressure, thereby decreasing the dis- 
charge pressure of the compressor. In that manner, 
the discharge pressure of the compressor can be pre- 
vented from raising to keep reliability of the compres- 
sor even if the discharge pressure of the compressor 
Is raised. 

EMBODIMENT 8: 

An eighth emt>odiment of the present Invention 
will be described. 
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Figure 39 is a schematic diagram of the entire 
structure of the eighth embodiment of the air condi- 
tioning apparatus according to the present invention, 
which is depicted on the basis of the refrigerant sys- 
tem of the apparatus. Figures 40 to 42 are schematic 5 
diagrams showing the operation states in cooling or 
heating in the eighth embodiment of Figure 39; Figure 
40 being a schematic diagram showing the operation 
states wherein solo cooling or solo heating is per- 
fomned; and Figures 41 and 42 being schematic dia- io 
grams showing the operation states in cooling and 
heating concurrent operation, Figure 41 being a sche- 
matic diagram showing the operation state wherein 
room heating is principally performed under cooling 
and heating concurrent operation (total heating load is 
is greater than total cooling load), and Figure 42 being 
a schematic diagram showing the operation state 
wherein cooling is principally performed undercooling 
and heating concun'ent operation (total cooling load is 
greater than total heating load). 20 

Although explanation on the embodiment wilt be 
made in reference to the case wherein a single out- 
door unit as a heat source device is connected to 
three indoor units, the explanation is also applicable 
to the case wherein the outdoor unit is connected to 25 
two or more indoor units. 

In Figures 39-42, References A-D, and reference 
numerals 1-43, and 51-53 designate parts which are 
similar to those of the conventional apparatus. Refer- 
ence numeral 49 designates a heat source device by- 30 . 
pass pipe which extends from the junction of the heat 
source device switching valve arrangement 40 and 
the second main pipe 7 to the junction of the heat 
source device switching valve arrangement 40 and 
the first main pipe 6. Reference numeral 48 designa- 3S 
tes a sixth electromagnetic on off valve which Is ar- 
ranged in the heat source device bypass pipe 49 to 
make an on off control of the heat source device by- 
pass pipe 49. Reference numeral 54 designates a 
fourth temperature detector which is attached to a 40 
pipe connecting between the compressor I and the 
four port reversing valve 2. Reference numeral 55 
designates a fourth pressure detector which is attach- 
ed to the same pipe as the fourth temperature detector 
54 Is attached to. 45 

A control of the sixth electromagnetic on off valve 

48 in cooling according to the eighth embodiment will 
be explained. In Figure 40, when a discharge temper- 
ature of the compressor I is transitionally raised to be 
beyond a preset first value, the sixth electromagnetic so 
on off valve 48 is opened. A high pressure liquid re- 
frigerant which is flowing through the second main 
pipe 7 flows into the first main pipe 6 on the low pres- 
sure side through the heat source device bypass pipe 

49 and the sixth electromagnetic on off valve 48 in it. 55 
Then the refrigerant is inspired into the compressor I 
through thefourth check valve 33, the four port revers- 
ing valve 2 and the accumulator 4. Such an arrange- 



ment can bypass the refrigerant from the high pres- 
sure to the low pressure to lower the high pressure, 
accompanied by a decrease in the discharge temper- 
ature of the compressor I. 

Because the high pressure liquid refrigerant flows 
into the low pressure side, suction superheat of the 
compressor I lowers, and the dischai^e temperature 
of the compressor I also lowers. 

Although the explanation of the control for the 
sixth electromagnetic on off valve 48 has been made 
for the case of cooling, cooling and heating concunrent 
operation wherein cooling is principally perfomned as 
shown in Figure 42 can also have similar operation 
and advantages. 

A control of the sixth electromagnetic on off valve 
48 in heating according to the eighth embodiment will 
be explained. In Figure 40, when the discharge tem- 
perature of the compressor I is transitionally raised to 
be beyond the preset first value, the sixth electromag- 
netic on off valve 48 is opened. A high pressure refrig- 
erant which is flowing through the second main pipe 
7 flows into the first main pipe 6 on the low pressure 
side through the bypass pipe 49 and the sixth electro- 
magnetic on off valve 48 in it The refrigerant is in- 
spired into the compressor I through the sixth check 
valve 35, the outdoor heat exchanger 3, the four port 
reversing valve 2 and the accumulator 4. Such an ar- 
rangement can bypass the refrigerant from the high 
pressure side to the low pressure side to lower the 
high pressure, accompanied by a decrease in the dis- 
charge temperature of the compressor 1. 

Although the explanation of the confrol for the 
sixth electromagnetic on off valve 48 has been made 
for the case in heating, cooling and heating concur- 
rent operation wherein heating is principally per- 
formed as shown in Figure 41 can also have similar op- 
eration and advantages. 

Now, the eighth embodiment wilt be described in 
more detail, refenring to Figures 43, 44 and .45. 

Figure 43 is a schematic diagram showing the 
control of the sixth electromagnetic on off valve 48 ac- 
cording to the eighth embodiment. The fourth temper- 
ature detector 54 detects a discharge temperature of 
the compressor I. A comparison unit 56 compares the 
temperature detected by the fourth temperature de- 
tector 54 with the present first value. A control unit 57 
determines whether the sixth electromagnetic on off 
valve 48 should be opened or closed. 

Figure 44 is a circuit diagram showing the electri- 
cal connection according to the eighth embodiment 
Reference numeral 60 designates a microcomputer 
which is arranged in a control device 59. and which in- 
cludes a CPU 61, a memory 62, an input circuit 63 and 
an output circuit 64. Reference numerals 65 and 66 
designate resistors which are connected in series with 
the fourth temperature detector 54 and the fourth 
pressure detector 55, respectively. The resistors have 
outputs given to the input circuit 63. A control transis- 
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tor 72 for control the on off operation of the sixth elec- 
tromagnetic on off valve 48 is connected to the output 
circuit 64 through a resistor 77. 

Figure 45 is a flowchart showing the on off control 
progrann for the sixth electromagnetic on off valve 5 
which is stored in the memory 82 of the microcomput- 
er 60. At Step 90, it is detenmined whether a temper- 
ature detected by the fourth temperature detector 54 
is beyond the present first value or not If affinnative, 
the program proceeds Step 91. If negative, the pro- io 
gram proceeds to Step 94. At Step 91, the sixth elec- 
tromagnetic on off valve 48 is opened. At Step 92 
which is the next one of Step 91, it is detenmined 
whether the temperature detected by the fourth tem- 
perature detector 54 is lower than a preset second is 
value, or not. If affirmative, the program proceeds to 
Step 93. If negative, the program returns to Step 91. 
At Step 93, the sixth electromagnetic on off valve 48 
is closed. At Step 94, the sixth electromagnetic on off 
valve 48 is closed. 20 

In accordance with the eighth embodiment, when 
the discharge temperature of the compressor is be- 
yond the present first value during operation of the 
compressor in cooling, in heating, and cooling and 
heating concurrent operation, the sixth electromag- 25 
netic on off valve is opened. 

As explained, the eighth embodiment can prevent 
the discharge temperature of the compressor from 
raising in an excessive state, thereby avoiding a de- 
crease in reliability of the compressor due to a raised 30 
In the discharge temperature of the compressor. 

MODIFICATION OF EMBODIMENTS 1-8: 

Although in the first through eighth embodiments 35 
the three way switching valves 8 can be arranged to 
selectively connect the first branch pipes 6b, 6c and 
6d to either the first main pipe 6 or the second main 
pipe 7, spared on off valves such as electromagnetic 
on off valves 30 and 31 as shown in Figure 46 can be 40 
provided instead of the three way switching valves to 
make selective switching, offiering similar advantag- 
es. 
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1 . An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor so 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C,D) including 
Indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 55 
pipe (7) for connecting between the heat source 
device (A) and the Indoor units (B,C,D); 

a first branch joint (10) which can selectlve- 
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ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (I!) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) through the first 
flow controllers (9), and which connects the other 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13); 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 
ler (15); 

a junction device (E) which includes the 
first branch joint (10), the second flow controller 
(13), the third flow controller (15) and the second 
branch joint (II), and which is interposed between 
the heat source device (A) and the indoor units 
(B,C,D); 

the first main pipe (6) having a greater di- 
ameter than the second main pipe (7); and 

a switching arrangement (40) which can 
be arranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively, when the 
outdoor heat exchanger (3) works as a condenser 
or as an evaporator; characterized in that it com- 
prises: 

a first timer (61) for changing the setting of 
the second flow controller (13) at a first cycle dur- 
ing operation of the compressor (1); 

. a second timer for returning the setting of 
the second flow controller (13) to its initial setting 
at a second cycle longer than the first cycle; and 
determination means (63) for changing the 
setting of the second flow controller (13) by a pre- 
detenmined value at a time based on outputs from 
the first timer (61), and for returning the setting of 
the second flow controller (13) to the initial setting 
based on an output from the second timer (62). 

2. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2). an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B.C.D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the Indoor heat exchanger 
(5) of each indoor unit (B.C.D) to either one of the 
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first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each indoor unit (B.C.D) through the first 
flow controllers (9), and which cinnects the other s 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13); io 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 
ler (15); 

a junction device (E) which includes the 
first branch joint (10), the second flow controller is 
(13), the third flow controller (15) and the second 
branch joint (II), and which is interposed between 
the heat source device (A) and the indoor units 
(B,C,D); 

the first main pipe (6) having a greater di- 20 
ameter than the second main pipe (7); and 

a switching arrangement (40) which can 
be arranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 25 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively, when the 
outdoor heat exchanger (3) works as a condenser 
or as an evaporator; characterized in that a pre- 
detemnined minimum value is set with respect to 30 
the setting of the second flow controller (13) during 
operation of the compressor (I). 

3. An air conditioning apparatus comprising: 

a single heat source device (A) including a 3S 
compressor (I), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C»D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 40 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the indoor heat exchanger 45 
(5) of each indoor unit (B.C. D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) through the first so 
flow controllers (9), and which connects the other 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 55 
second flow controller (13); 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 



ler (15); 

a junction device (E) which includes the 
first branch joint (10), the second flow controller 
(13), the third flow controller (15) and the second 
branch joint (II), and which is interposed between 
the heat source device (A) and the indoor units 
(B.CD); 

the first main pipe (6) having a greater di- 
ameter than the second main pipe (7); and 

a switching anrangement (40) which can 
be arranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively, when the 
outdoor heat exchanger (3) works as a condenser 
or as an evaporator; characterized in that a capil- 
lary (51) Is anranged in parallel with the second 
flow controller (13). 

4. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C,D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) through the first 
flow controllers (9), and which connects the other 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13); 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 
ler (15); 

a junction device (E) which includes the 
first branch joint (10), the second flow controller 
(13), the third flow controller (15) and the second 
branch joint (II), and which Is interposed between - 
the heat source device (A) and the indoor units 
(B.CD); 

the first main pipe (6) having a greater di- 
ameter than the second main pipe (7); and 

a switching arrangement (40) which can 
be anranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 
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second main pipe (7) to a low pressure side and 
to a high pressure side, respectively; character- 
ized in that it comprises: 

a first pressure detector (25) and a second 
pressure detector (26) arranged at a refrigerant 5 
Inlet side and a refrigerant outlet side of the sec- 
ond flow controller (13), respectively; and 

detemiination means (62) for selectively 
increasing the setting of one of the second flow 
controller (13) and the third flow controller (15), de- io 
pending on a differential pressure applied to the 
second flow controller (13), in such a manner that 
the value detected by the first and second pres- 
sure detectors (25, 26) are used as Inputs when 
a high pressure transitionaily raised during oper- is 
ation of the compressor (I). 

5. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 20 
heat exchanger (3) and an accumulator (4); 

a plurality of Indoor units (B,C,D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 25 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the Indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 30 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each Indoor unit (B,C,D) through the first 
flow controllers (9), and which connects the other 35 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13); 40 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 
ler (15); 

a junction device (E) which Includes the 
first branch joint (10), the second flow controller 45 
(13), the third flow controller (15) and the second 
branch joint (II). and which Is Interposed between 
the heat source device (A) and the Indoor units 
(B,C.D); 

the first main pipe (6) having a greater di- so 
ameter than the second main pipe (7); and 

a switching arrangement (40) which can 
be arranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 55 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively; character- 
ized in that It comprises: 
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detenmlnation means (63) for increasing 
the setting of the third flow controller (15) when 
high pressure is transitionaily raised in only cool- 
ing. 

6. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C,D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (H) which is connect- 
ed to the other end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) through the first 
flow controllers (9), and which connects the other 
end to the second main pipe (7) through a second 
flow controller (13); 

the first branch joint (10) and the second 
branch joint (II) connected together through the 
second flow controller (13); 

the second branch joint (II) connected to 
the first main pipe (6) through a third flow control- 
ler (15); 

a junction device (E) which includes the 
first branch joint (10), the second flow controller 
(13), the third flow controller (15) and the second 
branch joint (II), and which is interposed between 
the heat source device (A) and the indoor units 
(B.CD); 

the first main pipe (6) having a greater di- 
ameter than the second main pipe (7); and 

a switching arrangement (40) which can 
be anranged between the first main pipe (6) and 
the second main pipe (7) in the heat source de- 
vice (A) to switch the first main pipe (6) and the 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively; character- 
ized in that it comprises: 

determination means (62) for increasing 
the setting of the second flow controller (13) when 
high pressure is transitbnally raised in only heat- 
ing, or cooling and heating concurrent operation 
with heating principally performed. 

7. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2). an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of Indoor units (B.C.D) including 
Indoor heat exchangers (5) and first flow control- 
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lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the Indoor units (B,C,D); 

a first branch joint (10) which can selective- s 
ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which connects 
the other end of the indoor heat exchanger (5) of io 
each indoor unit (B,C,D) to the second main pipe 
(7) through the first flow controllers (9); and 

the first branch joint (10) and the second 
branch joint (II) connected together through a sec- 
ond flow controller (13); characterized in that: is 

the indoor units are constituted by a first in- 
door unit (B) and second indoor units (C,D), the 
first indoor units (B) having a fan for introducing 
outdoor air, and canying out heat exchange with 
outdoor air introduced by the fan, the second In- 20 
door units (C.D) having fans for circulating Indoor 
air, and canrying out heat exchange with the air 
circulated by the fans; 

wherein when at least one of the second 
indoor units (C.D) carries out heating, tile first in- 25 
door unit carries out heating. 

8. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 30 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C,D) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 3S 
pipe (7) for connecting between the heat source 
device (A) and the Indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the Indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 40 
first main pipe (6) and the second main pipe (7); 

a second branch joint (I!) which connects 
the other end of the indoor heat exchanger (5) of 
each indoor unit (B.C.D) to the second main pipe 
(7) through the first flow controllers (9); and 45 

the first branch joint (10) and the second 
branch joint (II) connected togetherthrough a sec- 
ond flow controller (13); characterized in that: 

the indoor units are constituted by a first in- 
door unit (B) and second indoor units (C,D), the so 
first indoor units (B) having a fan for introducing 
outdoor air, and canying out heat exchange with 
outdoor air introduced by the fan, the second in- 
door units (CD) having fans for circulating indoor 
air, and carrying out heat exchange with the air 55 
circulated by the fans; 

wherein when none of the second indoor 
units (C.D) carry out heating, and at least one of 
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the second indoor units (C.D) canries out cooling, 
the first indoor unit carries out cooling. 

9. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of Indoor units (B.C,D) including . 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the Indoor units (B,C.D); 

a first branch joint (10) which can selective- 
ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which connects 
the other end of the Indoor heat exchanger (5) of 
each Indoor unit (B,C,D) to the second main pipe 
(7) through the first flow controllers (9); and 

the first branch joint (10) and the second 
branch joint (II) connected togetherthrough a sec- 
ond flow controller (13); characterized in that 

the indoor units are constituted by a first in- 
door unit (B) and second indoor units (C,D), the 
first Indoor units (B) having a fan for Introducing 
outdoor air, and carrying out heat exchange with 
outdoor air introduced by the fan, the second in- 
door units (C,D) having fans for circulating indoor 
air, and canying out heat exchange with the air 
circulating by the fans; 

wherein when none of the second indoor 
units (CD) carry out heating or cooling, and at 
least one of the second indoor units (CD) canries 
out ventilation, the first indoorunit canries out ven- 
tilation. 

10. An air conditioning apparatus comprising: 

a single heat source device (A) including a 
compressor (I), a reversing valve (2). an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,CD) including 
indoor heat exchangers (5) and first flow control- 
lers (9); 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the Indoor units (B,C,D); 

a first branch joint (10) which can selective- 
ly connect one end of the indoor heat exchanger 
(5) of each Indoor unit (B,C,D) to either one of the 
first main pipe (6) and the second main pipe (7); 

a second branch joint (II) which connects 
the other end of the Indoor heat exchanger (5) of 
each indoorunit (B.C,D) to the second main pipe 
(7) through the first flow controllers (9); 

the flrst branch joint (10) and the second 
branch joint (II) connected together through a sec- 
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ond flow controller (13); and 

the second branch joint (II) connected to 
the first main pipe (6) through a fourth flow con- 
troller (17); 

a bypass pipe (14) which has one end con- s 
nected to the second branch joint (It) and the other 
end connected to the first main pipe (6) through 
a third flow controller (15); 

a first heat exchanging portion (19) which 
can-ies out heat exchange between the bypass io 
pipe (14) connecting the third flow controller (15) to 
the first main pipe (6), and the pipe connecting the 
second main pipe (7) to the second flow controller 

(13) ; 

a junction device (E) which includes the is 
first branch joint (10), the second branch joint (11), 
the second flow controller (13), the third flow con- 
troller (15), the fourth flow controller (17), the first 
heat exchanging portion (19) and the bypass pipe 

(14) , and which is interposed between the heat 20 
source device (A) and the indoor units (B,C,D); 

the flrst main pipe (6) having a greater di- 
ameter than the second main pipe (7); 

a switching valve arrangement (40) which 
can be arranged between the first main pipe (6) 25 
and the second main pipe (7) in the heat source 
device (A) to switch the flrst main pipe (6) and the 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively; character- 
ized in that it comprises: 30 

a heat source device bypass pipe (49) 
which extends from the second main pipe (7) on 
a high pressure refrigerant outlet side of the 
switching arrangement (40) to the flrst main pipe 
(6) on a low pressure refrigerant inlet side of the 3S 
switching anrangement (40); 

a sixth on off valve (48) which is arranged 
in the heat source device bypass pipe (49) to 
make an on off control of the heat source device 
bypass pipe (49); and 40 

control means (57) for opening the sixth on 
off valve (48) when a discharge pressure of the 
compressor (I) is beyond a preset first value. 

11. An air conditioning apparatus comprising: 45 
a single heat source device (A) including a 
compressor (1), a reversing valve (2), an outdoor 
heat exchanger (3) and an accumulator (4); 

a plurality of indoor units (B,C,D) including 
indoor heat exchangers (5) and first flow control- so 
lers (9); 

a flrst main pipe (8) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D); 

a flrst branch joint (10) which can selective- 55 
ly connect one end of the indoor heat exchanger 
(5) of each indoor unit (B.C.D) to either one of the 
first main pipe (6) and the second main pipe (7); 



a second branch joint (II) which connects 
the other end of the indoor heat exchanger (5).of 
each indoor unit (B.C.D) to the second main pipe 
(7) through the first flow controllers (9); 

the first branch joint (10) and the second 
branch joint (II) connected together through a sec- 
ond flow controller (13); and 

the second branch joint (11) connected to 
the first main pipe (6) through a fourth flow con- 
troller (17); 

a bypass pipe (14) which has one end con- 
nected to the second branch joint (II) and the other 
end connected to the flrst main pipe (6) through 
a third flow controller (15); 

a first heat exchanging portion (19) which 
carries out heat exchange between the bypass 
pipe (14) connecting the third flow controller (15) to 
the first main pipe (6), and the pipe connecting the 
second main pipe (7) to the second flow controller 

(13) ; 

a junction device (E) which includes the 
flrst branch joint (10), the second branch joint (II), 
the second flow controller (13), the third flow con- 
troller (15) the fourth flow controller (17), the first 
heat exchanging portion (19) and the bypass pipe 

(14) , and which is interposed between the heat 
source device (A) and the indoor units (B,C,D); 

the flrst main pipe (6) having a greater di- 
ameter than the second main pipe (7); 

a switching valve an'angement (40) which 
can be arranged between the flrst main pipe (6) 
and the second main pipe (7) in the heat source 
device (A) to switch the flrst main pipe (6) and the 
second main pipe (7) to a low pressure side and 
to a high pressure side, respectively; character- 
ised in that it comprises: 

a heat source device bypass pipe (49) 
which extends firom the second main pipe (7) on 
a high pressure refrigerant outiet side of the 
switching arrangement (40) to the flrst main pipe 
(6) on a low pressure refrigerant inlet side of the 
switching arrangement (40); 

a sixth on off valve (48) which is arranged 
in the heat source device bypass pipe (49) to 
make an on off control of the heat source device 
bypass pipe (49); 

a fourth temperature detector (54) for de- 
tecting a discharge gaseous refrigerant tempera- 
ture of the compressor; and 

control means (57) for opening the sixth on 
off valve (48) when the discharge temperature of 
the compressor (I) is beyond a present first value. 
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FIGURE 26 
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FIGURE 3 1 
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FIGURE 38 
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FIGURE 45 
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@ Air conditioning apparatus. 

@ An air conditioning apparatus comprising : 

a single heat source device (A) including a 
compressor (I), a reversing valve (2). an outdoor 
heat exchanger (3) and an accumulator (4) ; 

a plurality of indoor units (B,C,D) includ- 
ing indoor heat exchangers (5) and first flow 
controllers (9) ; 

a first main pipe (6) and a second main 
pipe (7) for connecting between the heat source 
device (A) and the indoor units (B,C,D) ; 

a first branch joint (10) which can selec- 
tively connect one end of the indoor heat 
exchanger (5) of each Indoor unit (B,C,D) to 
either one of the first main pipe (6) and the 
second main pipe (7) ; 

a second branch joint (II) which is connec- 
ted to the other end of the indoor heat 
exchanger (5) of each indoor unit (B,C,D) 
through the first flow controllers (9), and which 
connects the other end to the second main pipe 
(7) through a second flow controller (13) ; 

the first branch joint (ID) and the second 
branch joint (II) connected together through the 
second flow controller (13) ; 



the second branch joint (II) connected to 
the first main pipe (6) through a third flow 
controller (15) ; 

a junction device (E) which includes the 
first branch joint (10), the second flow controller 
(13). the third flow controller (15) and the second 
branch joint (II), and which is interposed 
between the heat source device (A) and the 
indoor units (B.C,D) ; 

the first main pipe (6) having a greater 
diameter than the second main pipe (7) ; and 

a switching anrangement (40) which can 
be arranged between the first main pipe (6) and 
the second main pipe (7) in the heat source 
device (A) to switch the first main pipe (8) and 
the second main pipe (7) to a low pressure side 
and to a high pressure side, respectively, when 
the outdoor heat exchanger (3) works as a 
condenser or as an evaporator; characterized 
in that it comprises : 

a first timer (61) for changing the setting of 
the second flow controller (13) at a first cyde 
during operation of the compressor (I) ; 

a second timer for returning the setting of 
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the second flow controller (13) to its initia! set- 
ting at a second cycle longer than the first 
cyde ; and 

determination means (63) for changing the 
setting of the second flow controller (13) by a 
predetemilned value at a time based on outputs 
from the first timer (61), and for returning the 
setting of the second flow controller (13) to the 
initial setting based on an output from the 
second timer (62). 
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